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Part I 
THE TOTAL SYNTHESIS OF .. dl ... RICINOLEIC ACID 
SECTION I 
INTRODUCTION 
Ricinoleic acid, in the form of its triglyceride, has 
been known ·since 1848 to be the major component of castor 
oil. Although the accepted structure (I) was proposed by 
Goldsobel1 in 1894 from degradative evidence, a rational 
synthesis was considered essential because this structure 
does not easily accommodate all of the observed chemistry 
of ricinoleic acid. The synthesis _of a natural product is 
necessary before the structure is completely confirmed. 
This general rule is a wise one, developed and accepted as 
the result of unhappy experiences with incorrect structural 
assignments. Therefore, the need for a SYnthesis of 
ricinoleic acid, before formal acceptance of the structure, 
would exist whether or not all of the chemistry is 
accommodated. 
Therefore, the purpose of the research is to substan-
tiate structure I for ricinoleic acid. This goal has been 
realized. The synthesis of the racemic acid was accomplished 
by an unambiguous route in a rational manner; thus demonstrat-
ing that the above formulation of natural ricinoleic acid is 
correct. 
At the ena~t of this work no synthesis of ricinoleic 
acid had appeared in the literature. However 1 during the 
course of this research Crombie and Jacklin2 and Kendall, 
Lumb and Smith3 reported independent syntheses which also 
verified structure I. Accordingly the present synthesis 
becomes the third alternative method for the preparation of 
ricinoleic acid. But, it should be pointed out that as far 
as comparison permits,this synthesis is the most satisfactory. 
The principal source of ricinoleic acid is castor oil, 
which is obtained from castor beans, the seeds of ricinus 
communus. This plant although native to tropical climates, 
has been introduced and successfully grown on a commercial 
scale in temperate climates. Ricinoleic acid has also been 
found in the seeds of solanum camara~ dingili seeds,5 oil of· 
ergot, ivory-wood oil, argemone oil and agronandra seed fat; 6 
however it is produced commercially only from castor baans. 
A typical· analysis of castor oil is given7 as 80% ricinoleic 
acid, 9% oleie acid, 3% linoleic acid and 3% stearic and 
hydroxystearic acids, all present in the form of their 
glycerides. To obtain castor oil from the castor bean, the 
seed must be heated until it is soft, crushed and the crude 
oil extruded by pressure. Gums and mucilages are removed by 
boiling in water, after which the castor oil is bleached in 
the sun. 
Although mixtures of fatty acids had been obtained by· 
Bussy and Lecanu8 as early as 1827 and by Rockleder9 in 1846, 
3 
it remained for Saalmftller10 in 1848 to isolate ricinoleic 
acid of' reasonable purity from castor oil. Heating castor 
. . 
oil with excess potassium hydroxide or sodium hydroxide for 
some time gives a·soap~ which is completely soluble in 
water., but which on treatment with sodium chloride can be 
precipitated. Acidification o~ the soap with either hydDo-
chloric or acetie·acid yields a liquid mixture of fatty 
acids that r~ red-yellow in color and sharp in taste. 
Rockleder showed that the li~dr~'b of the triglycer-
ides in castor oil eo'Clilid be achieved with relatively the 
same results as with saponification when an alcoholic sol-
ution of dry hYdrogen chloride is employed. 
Separation of the fatty acid mixture was accomplished 
by dissolving the syrupy mixture in one-third its volume of 
alcohol and keeping the solution at a temperature of -10° 
to -12° for a l·ong time. A high melting acid (m.p. 130°) 
separated and was removed by filtration. The remaining 
mixture was purified through the lead salts of the acids. 
Lead ricinoleate is soluble in ether, whereas the lead salts 
of the saturated fatty acids are not. The ether solution of 
lead ricinoleate was treated with aqueous hydrochloric acid 
and the ether was removed. The residual ricinoleic acid was 
dissolved in ammonia and precipitated with barium chloride. 
The barium salt of ricinoleic acid was recrystallized from 
alcohol. 
4 
Investigators since Saalmftller have studied the isola-
tion of ricinoleic acid from castor oil 1 and have reported 
numerous methods of purification. Krafft11 removed the 
saturated fatty acids by cooling and pressing the residue 
between filtar paper to extrude the ricinoleic acid. Claus 
and Hasenkampf12 separ~ted ricinoleic acid by double decom-
position of its soaps with calcium chloride. However 1 
Meyerl3 and Ju111ard14 found that the Clause method led to a 
product which was contaminated with stearic and dihydroxy-
stearic acids. A further study of the optimum conditions for 
the preparation and purification of barium ricinoleate by 
Inokuchi15 in 1925 showed that 50° was the best te~perature 
for the separation of barium ricinoleate 1 and one hour was 
most suitable for the solution of the barium salt in 
alcohol. He found it most satisfactory to use 100 ml. of 
solvent for each 10 g. of salts. To take advantage of the 
limited solubility of barium stearate which is also formed 1 
the first separation was made with 95% alcohol 1 - the second 
with 98% and the final separation with absolute alcohol. 
Alkali metal salts have also been studied and Guillaume16 
-reports that the lithium salt is extremely satisfactory. 
·Fractional crystallization has been used extensively 
by Riderl7 and Brown and Green18 for the purification of 
ricinoleic acid. But 1 as late as 1948 Ralstonl9 states: 
"In spite of the many procedures for the preparation of 
ricinoleic acid 1 the pure acid has not as yet been obtained 
5 
ft'om castot' oil. 11 
Natural t'icinoleic acid used in this wot'k was obtained 
by the hydt'olysis of commet'cial lithium I'icinoleate and 
subsequent pUI'ification by cht'omotogt'aphy using Norit~ 
act;tvated chat'coal~ suppot'ted on Hy-flo~ diatemaceous earth. 
Although the pet'cent put'ity of this acid was not established~ 
the physical properties agreed with those t'epot'ted in the 
literature for 11 pUI'e 11 ricinoleic acid. 
Ricinoleic acid has received widespread interest be-
cause of its importance 1 both medicinally and industrially. 
Casto!' oil has been used extensively as a put'gative~ and 
thet'e is a great deal of evidence20 that the active consti-
tuent is-ricinoleic acid. The salts of ricinoleic acid have 
attt'acted attention21 since they have been demonstrated to 
inactivate bacterial toxins evidently by lowering surface 
tension. The industrial uses of ricinoleic acid at'e as 
diverse and numerous as those of the common c18 fatty acids, 
and a good summary on its uses as an emulsifying or surface 
active agent is that of Goldsmith22 • Castor oil is used. in 
paints and varnishes and also as a lubricant in high speed 
engines. 
' 
6 
SECTION II 
PROOF OF THE STRUCTURE OF RICINOLEIC ACID 
The first investigations aimed at elucidating the 
structure or ricinoleic aeid were carried out over ninety 
years ago~ and even prior to 1878 it was known that this 
substance was a straight chain~ eighteen carbon fatty acid, 
because on reduction stearic acid was obtained. Ricinoleic 
acid was also known to contain an ethylenic linkage and a 
hydroxyl group; however~ the positions of these functions 
were not known. K~arrt11 suggested that the double bond 
·was at C-10 and the secondary alcohol at C-12~ according to 
structure II. He felt that this formula was very well 
substantiated by the following experimental results. 
(II) 
Ricinoleic acid with potassium hydroxide at temperatures 
just below 200° yielded aebacic acid (III) and 2-octanol (IV). 
With similar ease pyrolysis of ricinoleic acid yielded 
heptanal (V) and undecylenic acid (VI)~ In another experi-
ment Krafft distilled the barium salt of ricinoleic acid 
under vacuum and obtained 2-octanol (IV) and an unknown 
substance, c18H34o3 • 
CH3(cH2)5CH(OH)CH:CH(CH2)8cooH (II) 
/ KOH, D. . \ 6. 
HOOC ( CH2) aCOOH ( II.I) CH3 ( CH2) 5cHO ( V) 
+ + 
(VI) 
When ricinoleic acid was treated with boiling dilute nitric 
acid, two dibasic acids, oxalic (VII) and azelaic (VIII) 
were obtained, as well as ~-heptanoic acid (IX). It was 
agreed that the heptanoic acid could be formed only if an 
CH3(cH2)5CH(OH)CH.CH(CH2)aCOOH 
. J d1l. HNo3 . 
(II) 
COOH 
COOH I 
' + (CH2)7 + CH3(cH2)5cooH COOH \ 
COOH 
(VII) (VIII) (IX) 
oxidizable group were present at C-12 and the remaining s~ 
carbon atoms were saturated. Krafft investigated this 
reaction until he felt sure that the products obtained were 
the primary products and were not the end products of 
further oxidation. 
Krafft considered these results sufficient to locate 
the double bond at C-10 and the hydroxyl group at C-12, or 
to support formulation II. 
Krafft's formula was accepted only until 1894 when 
Goldsobel1 reinvestigated the problem. The structure of 
ricinoleic acid (I) proposed at that time differed only 
8 
from that published by Krafft in the allocation of the 
ethylenic linkage to C-9 instead of c-10. The Goldsobel 
formula has been confirmed by many later workers and has now 
been shown by synthesis to be correct. Goldsobel's deduc-
tion of the structure for ricinoleic acid was based on the 
following work: 
cH3(cH2)5cH(OH)CH2CH.CH(CH2)7cooH 
11. Br2 2. -HBr 
CH3(CH2)5CH(OH)CH2C=C(CH2)7COOH l aq. H2so4 
,,o 
CH3(cH2)5cH(OH)CH2C.(CH2)8COOH 
or 0 ,, 
CH3(cH2)5CH(OH)CH2CH2C-(CH2)7coOH 
(I) 
(X) 
(XI) 
(XII) 
'fhe aeetylenic compound, ricinstearolic acid (X),was 
prepared by the addition of bromine to the unsaturation in 
ricinoleic acid followed by dehydrobromination. Ricin-
stearolic acid on treatment with aqueous sulfuric acid was 
9 
hydrated to the keto hydroxy acid with either structure XI 
or structure XII. The structure of ricinoleic acid proposed 
by Krafft could yield a product having the ketone group at 
C-10 (XI)~ but a ketone at C-9 (XII) is not at all possible 
if the double bond is at C-10. 
Oxim~nation of the ketoxy stearic acid (XI or XII) was 
carried out using hydroxylamine. The ketoxime (XIII) was 
then subjected to the conditions of the Beckmann rearrange-
ment~ and the rearranged product was cleaved with fuming 
hydrochloric acid. 
(XV) 
CH3(cH2)5cH(OH)CH2CH2C(CH2)7coOH H 
NOH 
Beckmann 
rearrangement 
. Q 
CH3(cH2)5cH(OH)CH2CH2NHc-(cH2)7cooH 
0 ,, . 
CH3(cH2)5cH(OH)CH2CH2C-NH(CH2)7cooH 
fuming HCl 
(XVI) 
(XIII) 
(XIV) 
+ 
HOOC(CH2)7cooH 
+ 
NH2(cH2)7cooH 
(VIII) (XVII) 
10 
Goldsobel considered that isolation or~-decalactone (xV) 
again confirmed the presence of the hydroxyl group at C-12~ 
as did the fo~t:ton of 2-hexyltrimethyleneimine (XVI) which 
Goldsobel identified in the form of its chloroplatinate salt. 
Formation of trimethylenimines has been reported by Kohn23 · 
to take place in good yield from /-amino alcohols, under 
conditions similar to those employed 17 in the above sequence 
of reactions. Isolation of azelaic acid (VIII) and 
8-aminooctanoio acid (XVII) confirmed the structure of the 
starting acid as 9-keto-12-hydroxystearic acid (XII). Had 
the structure of the ketoxy acid been represented by :XI:· 
the above reactions would lead to ~-nonalaotone (XX), 
2-hexylethyleneimine (XXI), sebacic acid (III) and 9-
aminononanoic acid (XXII). 
CH3(cH2)5CH(OH)CH2C(CH2)8coOH 
. l II NOH 
CH3 (cH2 ) 5CH(OH)CH2~NH(CH2)aCOOH 0 . 
of' CH3(cH2 )5cH(OH)CH2N.HC-(CH2 )8cooH 
t 
(XVIII) 
(XIX) 
CH3(cH2 )51HCH2,.o + CH3 (cH2 ) 5C~-9H2 ~ HOOC(CH2 )8COOH 
0 . N.H 
(XX) (XXI) (III) 
-t" NH2 ( CH2) 8coOH 
(XXII) 
ll 
Goldsobel felt that the alpha-delta relationship of the 
oxime to the hydroxyl group in·9-oximino-12-hydroxystearic ? 
acid (XIII) was reconfirmed when the acid was treated with 
soda lime~ and pyrrole was formed. The compound produced a 
red color when heated on a splinter of pine wood~ a specific . 
test for pyrroles24 • 
All of the above work has shown that it is not possible 
for the triple bond in ricinstearolic acid to be located at 
C-10 but that it must instead be at C-9~ and leads to 
structure (X) as the only possible formulation for ricin-
stearolic acid. 
(X) 
However~ this evidence does not rigorously prove the structure 
of ricinoleic acid~ because the conversion of ricinoleic acid 
to ricinstearolic acid was not .shown by Goldsobel to proceed 
without rearrangement. 
The presence of the double bond at C-9 in ricinoleic 
acid was confirmed when azelaic (VIII) and 3-hydroxy-. 
pelargonic (XXIII) acids were obtained from oxidative 
ozonolysis 25~26 of the acid. 
12 
(I) 
(XXIII) 
(VIII) 
From the foregoing evidence it was generally accepted 
that ricinoleic acid was 12-hydroxyoctadec-9-enoic acid (I). 
It·should be noted also# that this structure has the same 
carbon skeleton as oleic acid 1 which is of interest since 
oleic and ricinoleic acids occur together in castor beans. 
The challenging problem of reconciling structure I for 
ricinoleic acid with the products of pyrolysis (heptanal 
and undecylenic acid) and with the products of alkaline 
fusion (2-oetanol and sebacic acid) 1 which were obtained 
by Krafft, is treated in Part II of this thesis. 
SECTION III 
PREVIOUS SYNTHESES OF RICINOLEIC ACID 
It was not until sixty years after the structure of 
ricinoleic acid had been demonstrated to be 12-hydroxy-
octadec-9-enoic acid, that an unambiguous synthesis of the 
acid was reported. The reason for this was the difficulty 
in constructing a ~~~-unsaturated alcohol system in the 
eighteen carbon chain. However, in recent years increased 
interest in acetylenic chemistry has made available alkynes 
which have been found valuable tor the elaboration of long 
chain, unsaturated compounds~gT Accordingly the use of 
ethynyl derivatives as key intermediates seemed a logical 
choice in the formation or the carbon skeleton of ricinoleic 
acid. .Published methods as well as the one reported here 
have utilized compounds of this class. 
A. The Synthesis of Crombie and Jacklin. 2 
The first total synthesis of ~-ricinoleic acid, devised 
by Crombie and Jacklin, followed the path shown below • 
(V) . (XXIV) 
Zn 
~-CH3(cH2 ) 5cH(OH)CH2C:CH 
and ~-cH3(cH2)5CH(OH)CHaCeCH2 
(XXV) 
(XXVI) 
l DihydJ.Oopyran 
a1-CH3(cH2)5CH(OPy)CH2c:CH 
and dl-CH3(cH2 )5CH(OPy)CH:C:CH2 
! NaNH:! 
~-CH3(CH2) 5CH(OPy)CH2CsCNa l I(C~)6Cl 
dl-CH3(cH2 )5CH(OPy)CH2c=c(cH2 )6I i Sod1omaJ.on1c ester 
dl-CH3(cH2 )5CH(OPy)CH2c;c(cH2 )6cH(COOEt) 2 
1. OH-
2. Heat 
3 H+o 
. 3 
14 
(XXVII) 
(XXVIII) 
(XXIX) 
(XXX) 
(XXXI) 
(XXXII) 
dl-CH3 (cH2 ) 5cH(OH)CH2C~C(CH2 ) 7cooH (XXXIII) 
. l L1ndlar catalyst/ ~ 
dl-~-CH3 ( CH2 ) 5cH( OH) CH2CH•CH( CH2) 7cooH (XXXIV) 
Most of the reactions were performed according to well 
establishea;procedures. Condensation of heptanal (V) with 
15 
propargyl bromide (XXIV) using Retormatsky conditions 
yielded dl-4-hydvoxydecyne-l (XXV) which was the key 
acetylenic i~termediate in this synthesis. This product was 
contaminated with the corresponding allene (XXVI) due to the 
course of the reaction, but the alkyne was separated readily 
from the allene 1n a subsequent step. The aleohol group ot 
dl-4-hydroxydecyne-l (XXV) was converted to the pyranyl 
derivative (XXVII) in order to block undesirable etherifica-
. . 
tion of the hydroxyl in a subsequent step. The m:tild and 
efficient conditions of introduction and removal of this 
group pave made dihydropyran an extremely valuable reagent · 
for the protection ot aleohols. 28 
Treatment ot dl-4-(tetrahydropyranyloxy)deeyne-l (XXVII) 
- . 
with sodamide in liquid ammonia removed the corresponding 
allene (XXVIII) since only the alkyne formed a sodio deriva-
tive (XXIX). The sodio derivative with 1-chloro-6-iodohexane 
gave ~-l-chloro-10-( tetrahydrop~n~l,o:uey;_r )hexadecyne-7 (XXX). 
l-Chloro-6-iodohexane, was prepared by the conversion ot 1,-
6-dihydroxyhexane to 1,6-dichlorohexane and then treatment 
' 
with an equimolar quantity of sodium iodide in acetone. 
Heating Q-l-chloro-10-(tetrahydropyranyloxy)hexadecyne-
·;-oft(XXX) under reflux with an acetone solution of sodium iodide 
yielded the corresponding iodo derivative. Without isolating 
any intermediates Q-l-iodo-lO-(tetrahydropyranyloxy)hexa-
deeyne-7 (XXXI) was converted to a substituted malonic ester 
(XXXII) by treatment with diethyl sodiomalonate. Hydrolysis 
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w~th alkal~~ ac~d~f~eat~on and decarbo~Hlat~on gave the 
des~red dl-r~c~nstearol~c acid (XXXIII)~ however ~n very low 
y~eld. It ~s at the conversion of the malonate (XXXII) to 
dl-ric~nstearolic acid (XXXIII) that the only weakness ~n 
very rational and straightforward synthes~s of dl-r~cinole~c 
ac~d occurs. 
The last stage~ the se~-reduction of dl-rie~nstearolic 
acid to dl-rie~noleic ac~d (XXXIV) using Lindlar catalyst,28 
proceeds smoothly and ~n good y~eld. 
B. Synthesis of Kendall, Lumb, and Sm1th.3 
2a One week after Crombie and Jacklin reported the f~rst 
total synthesis of ~-ricinoleic aeid a br~ef anno~cement 
of a second independent preparat~on of the ac~d by Kendall~ 
Lumb and Smith appeared. Although a very d~fferent scheme 
of react~ons was employed in this alternate preparation of 
dl-rie~noleic acid, as shown below, acetylenic compounds 
again were used to form key intermed~ates. 
Cl(CH2)6I 1 NaCBCH 
Cl(CH2)6c;CH 
l 
L1NH2 
BrCH2CH(OMe)2 
Cl(C~)6c=ccH2CH(OMe) 2 
(~) 
(XXXVI) 
(XXXVII) 
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l Pd/ff~(Lindlar catalyst) 
Cl(CH2)6CHaCHCH2CH(OMe) 2 (XXXVIII) 1 Tartaric acid (aq.) 
Cl(CH2)60H=CHCH2CHO (XXXIX) t CR3(0H2 ) 4cH2MgBr 
dl-CH3(c~)sCH(OH)CH2CHeCH(CH2) 6cl (XL) 
' 1 Nai 
~-CH3(CH2)5CH(OH)CH2CHeCH(CH2)6I (XLI) 1 Dimethyl sodiomalonate 
~-CH3(CH2)5CH(OH)CH2CHaCH(CH2)6CH(COOMe)2 (XLII) 
1 • KOHb MeOH, HOH 
2. 140 
3. MeOH, HCl 
~-cH3(cH2 ) 5CH(OH)CH2CH•CH(CH2 ) 6coOCH3 1 KOR, MeOH, HOH 
d1-CH3(CH2)5CH(OH)CH2CijeCH(CH2)6COOH 
(XLIII) 
(XXXIV) 
This second synthesis of dl-rieino1eie acid (XXXIV), 
like the first, consisted of a sequence of well established 
reactions. 8-Chlorooctyne-l (XXXVI) was ,formed by the 
treatment of l-chloro-6-iodohexane (XXXV) with sodium 
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aeetylide. The lithium derivative of (XXXVI) was condensed 
with 1~1-dimethoxy-2-bromoethane to give 1~1-dimethoxy-10-
chlorodecyne-3 (XXXVII)~ an alkyne which could be converted 
easily to the~~-unsaturated alcohol system required by 
ricinoleic acid. 
Partial reduction of 11 1-dimethoxy-10-chlorodecy.rie-3 
(XXXVII) using Lindlar catalyst yielded cis-1~ 1-dimethoxy-
10-chlorodecene-3 (XXXVIII). Hydrolysis of. the acetal 
grouping in XXXVIII using aqueous tartaric acid produced the 
corresponding aldehyde, 10-chlorodee-3-enal (XXXIX). Normal 
condensation of XXXIX with n-hexyl magnesium bromide gave 
the unsaturated secondary alehohol~ 1-ehloro-10-hydro*Y-
--/hexadecene-7 (XL). 
The corresponding iodo derivative (XLI) was formed by 
treatment with sodium iodide.. Condensation of XLI with 
dimethylsodiomalonate, followed by bas~ hydrolysis, thermal 
decarboxylation and esterification using methanol and hydro-
chloric acid afforded (low yield) methyl-dl-ricinoleate 
(XLIII). Crombie and Jaeklin2 also reported poor yields for 
the same ·series of reactions on their very similar interme-
diate, 1-chloro-10-(tetrahydropyranyloxy)hexadeeyne-7 (XXX) • 
. Impure dl-ricinoleic acid (XXXIV) was obtained when 
methyl-dl-ricinoleate was saponified. Distillation at very 
low pressures afforded a small amount of dl-rieinoleic acid~ 
m.p. 5°, as well as a few drops of a conjugated dienoic 
compound. 
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dl-Ricinoleic acid prepared by Cromb,ie and Jacklin2 
as well as that prepared during the course of this work was 
.2 
fotmd to be higher melting material (m~p. 23-24° and m.p. 
22-24° found in these laboratories). It is the opinion of 
Crombie and Jacklin2 as well as that of the present author 
that the dl-ricinoleic acid (m.p. 5°) issstill contaminated 
with traces of dienoic material. 
Part of the difficulty may have been the last step, 
in which the ester group was saponified. 8 Brown and Green1 
have reported that pure d-ricinoleic acid could not be 
obtained by the saponification of methyl £-ricinoleate .. 
In anticipation of the experimental results from the pre-
sent work, distillation of the crude· synthetic acid was not 
sufficient purification to give analytical ~-ricinoleic 
acid • 
. Kendall, Lumb and Smith are repeating the synthesis at 
present on a larger scale, which will undoubtedly facilitate 
further purification. 
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SECTION IV 
PRESENT SYNTHESIS OF RICINOLEIC ACID 
A. Plan of This Research. 
As previously mentioned in Section III, the basis for 
the present synthesis of dl-ricinoleic acid (XXXIV) was the 
formation of a suitable ethynyl derivative, which in turn 
could be converted to a ~-hydroxym~efin• 
Condensation of a 1-alkyne with a suitable epoxide 
would generate a~-hydroxy acetylenic system. Semi-reduc-
tion would then yield the desired et.hylenic material. The 
synthesis of dl-ricinoleic acid accomplished during the 
course of this research followed this sequence, as shown 
schematically below. 
HOOC(CH2)5COOH l L1AlH4 
HOCH2(cH2)sCH20H l 80012 
ClCH2(cH2)5CH2Cl 
. l Nai/ao~tone 
ClCH2(cH2)sCH21 l NaC:;OH 
(XLIV) 
(XLV) 
(XLVI) 
(XLVII) 
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dl-CH3(CH2)sCH(OH)CH2C:C(CH2)7cl (L) 
l ~: ~~~ . 3. KOH, MeOH, HOH 
dl-CH3(cH2)5cH(OH)CH2c;c(CH2)7cooH (XXXIII) l H:fLindlar catalyst 
~-CH3(CH2)5CH(OH)CH2CH.CH(CH2)7COOH (XXXIV) 
Pimelic acid (XLIV) w~s smoothly reduced to 1,7-di-
hydroxypeptane (XLV) using lithium aluminum hydride. Treat-
ment of the glycol (XLV) with thionyl chloride yielded 
1,7-diehloroheptane (XLVI), which with sodium iodide in 
equimolar amount gave 1-chloro-7-iodoheptane (XLVII). The 
iodide (XLVII) reacted readily with sodium acetylide in 
liquid ammonia to give 9-chlorononyne-1 (XLVIII). Condensa-
tion of the lithium derivative of (XLVIII) with 1,2-epoxy-
octane (XLIX) forming dl-1-chloro-11-hydroxyheptadecyne-8 
. -
(L). The 1,2-epoxyoctane (XLIX) was prepared by the eppxida-
tion of 1-octene using either perbenzoic acid or trifluDve-
peraeetic acid. 
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Exchange of the chlorine for iodine in dl-1-chloro-
11-hydroxypeptadecyne-8 (L)~ treatment with potassium 
cyanide and then alkaline hyqr.olysis of the resulting 
nitrile to dl-ricinstearolic acid (XXXIII) were performed 
Without isolating any intermediates. The dl-ricinstearolic 
acid obtained in the present work was the same (m.p. 53-54°) 
as that obtained by Crombie and Jacklin (m.p. 53-53.5°2 ). 
All of the processes carried out in this synthesis were of 
sufficiently high yield to furnish 21.86 g. of pure dl-riein-
stearolic acid (XXXIII) from 100 g. of starting material, 
p:rl'Ile1J .. ca acid (XLIV)~ an overall yield of 11.81%. 
Development of the reaction conditions for condensation 
of 9-chlorononyne-l with 1,2-epoxyoctane, as well as verifi~ 
cat~on of the mode of that condensation was accomplished 
using co~ercially available 1-hexyne (LI)~ as the model 
alkyne, and 1,2-epoxyoctane (XLIX). 8-Hydroxytetradecyne-5 
(LII) was formed as shown in the following equations. 
(LI) CH3(cH2)3CsCH +lc~0/CH(CH2 ) 5cH3 
Various condensing 
agents · 
(LIII) (V) 
(XLIX) 
(LII) 
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To prove the formation of 8-hydroxytetradecyne-5 (LII), 
heptanal (V) was condensed with 1-bromoheptyne-2 (LIII) 
according to Reformatsky conditions. Comparison of the 
infrared spectrum of the product from this reaction with 
that of the condensation product of 1-hexyne (LI) and 1,2-
epoxyoctane (XLIX) showed that the same compound was obtained· 
in both cases. The Reformatsky reaetion is known to give 
~-hydroxy unsaturated products, mainly~-hydroxy esters 
from the condensation of ol-bromo esters and carbonyl com-
pounds. The reaction has been extended to other classes of 
act! ve (j_ -halo compounds such as d:-halo alkyne s29 and 
benzyl halides?0 with the same results. 
Semi-reduction of ~-ricinstearolic acid (XXXIII) to 
dl-ricinoleic acid (XXXIV) using a palladium catalyst, pre-
pared according to Lindlar,31 was accomplished in exactly 
the same way as described by Crombie and Jacklin~ Purifica-
.. :.'.t·ion of dl-ricinoleic acid by chromatography over Norit, 
decolorizing charcoa.l, supported on Hy-flo, diatomaceous 
earth, yielded analytically pure dl-ricinoleic acid, which 
- . 
exhibited the same properties as natural d-ricinoleic acid, 
obtained from lithium d-rieinoleate. 
(XXXIV) 
(LIV) 
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(LV) 
Methyl dl-ricinoleate (LIV) was also found to display 
identical properties as methyl-d-ricinoleate (i.e. boiling 
point1 refractive index and infrared spectrum). 
Further reduction of methyl ~-ricino~a~e(LIV) yielded 
methyl Q-12-hydroxystearate (LV). Accordingly, the presence 
of hydroxyl at the 12 position of the synthetic ricinoleic 
acid as well as the absence of branching is further substan-
tiated1 which reconfirms the product of the present synthesis 
to be dl-ricinoleic acid (XXXIV). 
During the progress of the research on the above re-
action series, 7-bromoheptanoic acid was considered, and was 
investigated, as a useful starting material. The advantage 
of the bromo acid (LVII) as a starting point lay in the fact 
that the bromo acid afforded two dissimilar points of attack, 
. 
a bromine at one end of the carbon chain and a carboxyl group 
at the other. Pimelic acid on the other hand must be con-
verted to a compound which has unlike functionalities. This 
process was accomplished in the manner previously described 
(page 21), but 1-chloro-7-iodoheptane (XLVII) is obtained 
from 1,7-dichlorheptane (XLVI) only in statistical amounts. 
Therefore, the possibility of using 7-br~moheptanoic acid 
(LVII), prepared from cycloheptanone (LVI) as shown below, 
was considered. 
[ox] 
HBr 
BrC~(C~)5COOH 
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(LVI) 
(LVII) 
A possible path for the conversion of the bromo ac~d 
(LVII) to the desired alkyne, 9-chlorononyne-1 (XLVIII) is 
given schemat:btally;~-. 
BrCH2 ( CH2.) 5coOH l CH2N2 
BrCH2(cH2)5coocH3 
l NaCiiiCH Liq. NH3 
HCi:!CCH2(CH2)5COOCH3 
t L1Alli4 
HC:CCH2(cH2)5cH20H J soc~ 
HC:CCH2(CH2)5CH2Cl 
(LVII) 
(XLVIII) 
However, 7-bromoheptanoic acid (LVII) could not be prepared 
in yields high enough to make the acid a feasible starting 
material for the synthesis of dl-ricinoleic acid (XXXIV). 
26 
B. Discussion of Experimental Results. 
1. Preparation of 9-Chlorononyne-1 ·(XLVIII). 
This preparation was accomplished by a series of known 
reactions. Pimelic acid, used as the starting material, 
usually was purchased, although several laboratory pro-
cedures are available for its preparation.32 Reduction of 
the acid with lithium aluminum hydride was accompanied by 
some mechanical difficulties. However, the reduction pro-
duet, 1,7-dihydroxyheptane, was smoqthly converted to 
1,7-diehlorohepta.ne, 1-ehloro-7-iodoheptane and finally to 
9-chlorononyne-1, the desired alkyne needed for the conden-
sation with 1,2-epoxyoctane. 
It should be noted that the yields reported in the 
experimental section for the intermediates isolated in this 
series of preparations, and also those of series discussed 
later, generally vary with the size of the preparation. The 
reason for this is thought to be purely mechanical. All of 
the substances are liquids and are purified by distillation. 
With small quantities a higher percentage of material is 
lost due to hold backs than wash larger quantities are 
employed, even though the apparatus used is proportional in 
size to the amount of material used. 
a. 1, 7-DihyUroxyheptane (XLV). 
HOOC(CH2)5coOH 
(XLIV) 
HOCH2(cH2 ) 5CH~OH 
(XLV) 
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The recommended procedure ~or the preparation of 
1~7-dihydroxyheptane is a modi~ication o~ the standard pro-
cedure described by Nystrom and Brown33 ~or the reduction o~ 
carboxylic acids using lithium aluminum hydride. 
In. preliminary experiments pimelic acid was dis-
solved in ether and added to an ethereal slurry of the re-
ducing agent. This method proved extremely cumbersome 
because, despite Baeyer's report34 that pimelic acid is 
easily soluble in ether, one liter was required to dissolve 
approximately thirty grams of the acid. Therefore, in 
" 
later experiments the acid was introduced into the reaction 
vessel by continuous extraction. This method permitted re-
duction of the volume of the reaction mixture by about one-
hal~. 
The isolation o~ the product, 1,7-dihydroxyheptane, was 
complicated by the ~act that it is water soluble, but only 
sparingly soluble in ether. Employing a water solution 
saturat~d with· respect to sodium potassium tartrate and 
ammonium sulfate, the solubility of the product in the 
aqueous phase was decreased suf~iciently so that the glycol 
could be extracted satisfactorily with ether. Huber35 re-
ported the extraction o~ 1,7-dihydroxyheptane ~rom a dilute 
acid solution with etha~~ but in lower yield (60%) than ob-
tained by the procedure used in this work (61-90%). 
The method o~ isolating the diol originally consisted o~ 
adding su~ficient quantity of the ~queous salt solution to 
dissolve the alumdna formed during the decomposition of the 
organometallic complex. This process required forty 
milliliters of the aqueous solution per gram of lithium 
aluminum hydride. Decreasing the quantity of salt solution 
to one-fifteenth of the volume used above~ produced a white 
precipitate of inorganic salts.. These were easily removed 
by filtration, leaving the liquid glycol in the filtrate. 
Thorough trituration of the dried, powdered salts furnished 
additional product. This method 1 which produced 1,7-
dihydroxyheptane in yields as high as 73.6%, proved the 
most convenient. 
Using a much longer route, as shown in the following 
flow-sheet, Crombie and Jacklin36 prepared 1,7-dihydroxy-
heptane from furfuryl chloride (LVIII) in an overall yield 
of 47%. 
(LVIII) 
(LIX) 
(LX) 
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HOCH2cH2CaC(CH2)2cH2(0Py) (LXI) 
l H;o 
HOCH2cH2CaC(CH2)2cH20H (LXII) l ~1 
(XLV) 
This elaborate synthe4is was devised due to the in-
accessibility and expense of pimelic acid, which gives 
1 1 7-dihydroxyheptane by the one step reduction described 
above. However, recent' improved syntheses of pimelic acid32 
from standard organic~reagents have made its use much more 
praetical for synthetic work than is generally considered. 
b.· 1,7-Dichloroheptane (XLVI). 
0 ) 
(XLV) . (XLVI) 
Following the method of Ahmad, Bumpus and Strong37 a 
cold mixture of 1,7-dihydroxyheptane and pyridine was 
treated with excess thionyl chloride. After a suitable re-
action period the mixture was poured over ice and the brown 
organic layer separated with the aid of ether. The ethereal 
solution was washed free of acid with water and sodium 
bicarbonate, and 1,7-dichloroheptane was purified by 
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distillation. This method of isolation proved more satis-
factory then that reported in the literature, which involved 
shaking the neat organic material with concentrated sulfuric 
acid, dilute sodium bicarbonate solution and water. The 
yields of 01_, u) -dichloralkane obtained from both methods do 
not differ significantly. 
(XLVI) 
c. 1-Chloro-7-Iodoheptane (XLVII). 
Nai ClC~( CH2) 5cH2I -t·[IcH2( CH2) 5cH2IJ 
(U..VII) 
The procedure for the preparation of 1-chloro-7-iodo.; 
heptane was the same as that employed by Raphael and 
SondheimerP8 Ahmad, Bumpus and Strong37 and Crombie and 
Jacklin2 for the conversion of various oc , u) -diehlorides 
to d._ -chloro-w -iodoalkanes. More speaifically Huber35 used 
the same method for the production of 1-chloro-7-iodoheptane. 
Equimolar amounts of sodium iodide and 1,-7-dichloroheptane 
were refluxed in acetone. 
Isolation of the product however, was modified slightly. 
Raphael and Sondheimer dissolved the precipitated sodium 
chloride in water and extracted the product with petroleum 
ether. Ahmad, Bumpus an.d strong removed the acetone from 
the mixture of precipitated sodium chloride and alkyl 
halides. A neater method of ~$olation, used in this work, 
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was to remove the precipitated sodium chloride by filtration 
and then remove the solvent. This simple alteration 
obviated the extraction of large$ cumbersome quantities of 
solution required by the procedure of Raphael and Sondheimer, 
and also eliminat:en-:: losses due to bumping when the sol vent 
is removed in the presenQe of large quantities of precipi-
tated salt. 
The average yield of l-chloro-7-iodoheptane obtained in 
this work was 58% based on recovered 1,7-dichloroheptane, 
and the average conversion of the dichloride to the iodide 
was 36%. 
Schlein,39 also following the same procedure, reports 
yields of the order of 80% for the preparation of l~chloro-
6-iodohexane from 1,6-dichlorohexane and asserts that a 
difference exists between the reactivities of the dichloro 
compound and the corresponding iodo chloro compound. In 
view of the present results and also those of other : · 
worker~2 , 37, 38 who all report yields of the same magnitude 
as obtained in this work, it seems more logical to assume 
that the reactivities of the o(, ~ ~dichloroalkane and 
oL-chloro-oJ-iodoalkane toward sodium iodide are identical, 
until more information is available. 
d. 9-Chlorononyne-l (XLVIII). 
ClCH2(cH2)5cH2I 
(XLVII) 
HCi:CNa 
ClCH2(cH2)5cH2C:CH 
(XLVIII) 
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9-Chlorononyne-1 b.p. 102-105° (~9 mm .. ), nfi5 1.4511 
was prepared easily in 80.,0% yield, in an analogous manner 
to that given by Sch1ein40 for 8-chlorooetyne-1, by reacting 
l-chloro-7-iodoheptane with sodium acetylide in liquid 
ammonia. Homologous compounds have been used exten-
sively35,37,4l for the syntheses of long chain unsaturated 
compounds, since they have two reactive groupings which can 
be condensed linearly with different reagents. As discussed 
previou~~Y 9-chlorononyne-1 is suitable for condensation with 
·an epoxide, establishing the {J, 'Y -unsaturated alcohol 
system required by ricinoleic acid. 
2. Preparation of 1,2-Epoxyoctane (XLIX). 
CH3(cH2)5cH.CH2 
(LXIII) 
CH3(cH2 ) 5c~-9H2 
0 
(XLIX) 
1,2-Epoxyoctane was prepared from perbenzoic acid, as 
well as from trifluoroperacetic aeid. Both methods gave the 
product in an ~vs~age yield of 78%. However, epoxidation 
using perbenzoic acid suffered from limitations which were 
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eliminated when the newer reagent, trifluoroperacetic acid, 
was employed. 
The main disadvan~age of perbenzoic acid was that only 
small quantities of the oxidizing agent could be prepared at 
one time. This method had the added drawbacks that the pre-
pa:t'ation of perbenzoic ac-id is·hazardous and the reaction 
period for the oxidation of 1-octene was quite long, approxi-
mately forty-eight hours. 
Fortunately, during the course of this work, Emmons and 
Pagano42 reported a practical procedure for the preparation 
ot trifluoroperacetic acid and subsequent epoxidation of 
olefins, including 1-octene. According to thei:t' di:t'ections 
t:t'ifluoroperacetic acid, r•<' ·~ prepared readily from tr!bf:t:\'lloro-
acetie anhydride and hydrogen peroxide in methylene 
dichloride, is added directly to a solution of 1-octene in the 
same solvent. 
The trifluoroacetie acid formed when epoxidation takes 
place was removed by the addition of a buffer, sodium car-
bonate. This strong acid reacts more readily with the base 
than the weaker trifluo:t'operacetie acid. The removal of the 
trifluoroacetic acid eliminates the acid catalyzed opening 
of the oxirane ring~ One further advantage of this method 
of epoxidation, which required only one hour,· was the destruc-
tion of the excess trifluoroperacetic acid by its slow re-
action with sodium carbonate. Therefore, the methylene 
chloride, which is readily separated, contains only the 
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product~ 1~2-epoxyoctane. 
Prior to the start of the present work~ Swern~ Billen 
and Seanlan43 reported the preparation of ~,2-epoxyoetane 
using peracetic acid. However, their method yielded only a 
small amount of the epoxide (35%) and relatively large 
quantities of the hydroxy acetate derivative. Also, after 
long reaction period~ unreacted olefin was recovered. The 
method of Swern et al. was not reinvestigated during the 
course of the present work~ since it did not seem feasible 
for a synthetic preparation of 1,2-epoxyoetane. 
3. Preparation of .dl.-1-Chloro-11-hydroxy-
heptadecyne-1 (L). 
(XLIX) (XLVIII) 
2!-CH3 (cH2 ) 5CH(OH)CH2C~C(CH2)?Cl 
(L) 
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The preparation of {3 , )' -acetylenic carbinols from 
metallo alkynes and alkylene oxides was first reported by 
Iotsitch44 in 1909, who prepared 1-hydroxypentyne-3 (LXVI) 
from propyne (LXIV) and ethylene oxide (LXV). 
> CH3C~CCH2CH20H 
(LXVI) 
This type of reaction was extended by several investiga-
tors~5,46,47 .to various monosubstituted ~cetylenie Grignard 
derivatives; however ethylene. oxide was the only epoxide 
' 
investigated. These workers reported the formation of rela-
tively large quantities of side products. More recent in-
vestigations of the course of the condensation of the alkynyl 
magnesium halides with epoxides indicates that the epoxides 
are isomerized to some extent to the corresponding carbonyl 
compounds, which react with the Grignard reagent as such. 
It has been shown that these isomerizations are acid cata-
lyzed in the Lewis sense and occur readily in the presence 
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or magnesium bromide~ one of the species present when a 
Grignard derivative is formed., as is shown in the following 
equilibrium expression. 
~gBr ..... ,~-....:~'- + MgBr2 
Shifting the equilibrium toward the right and removing the 
magnesium bromide formed~ increases th~ proportion of the 
normal condensation product~ (3 ~l-acetylenic carbinol~ 
formed .. 
RC~09H2 
~ R 1 c;;;cMgBr 
RCH(OH)CH2C~CR' 
0 
RCCH3 l a 1 C;;CMgBr 
RC(OH)C:iCR 1 
l 
or RCH2gH 
JR1C;;CMgBr 
RCHz_CH( OH) C2CR' 
A more complete review of the condensations of alkynyl 
Grignard reagents with epoxides ·is given by Kharasch;i48 
Kreimeier49 reported the preparation of alkynyl 
carbinols by allowing sodium acetylide to react with ethylene 
and propylene o~ides in ~iquid ammonia. He claimed also 
that the reaction could be applied equally well to acetylides 
of various monosubstituted alkynes and epoxides. ·But the 
I 
reaction has not been extended for the most part to oxides 
other than ethylene and propylene. 
In a series of conden~ations with numerous esters$ 
Nightingale and Wadsworth50 round the use of lithium 
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acetylides rather than other alkali metal alkynes# to be 
advantageous. In most cases the lithium derivative yielded 
the corresponding tertiary alcohols in good yield whereas 
the sodium salt only yielded ketones. Condensations with 
potassium acetylides apparently failed completely. 
Milas51 in the pnly reported condensation of an epoxide 
with a lithium alkyne, prepared l-(1 1 -cyclohexenyl)-3~methyl-. 
3-hydroxyhexadiyne-1,5 (LXIX) from lithium acetylide (LXVIII) 
and 1-(1 1 -cyclohexenyl)-3-methyl-3,4-epoxybutyne-1 (LXVII). 
Liq. 
HfliiCLi 
(LXviii) 
The solitary condensation product, obtained in about 
40% yield, was the f3, "Y -acetylenic alcohol. Two alcohols 
are possible when an organometallic compound is al.lowed to 
react with an unsymmetrically substituted ethylene oxide, 
depending on the direction of the ring opening. Cristol, 
Douglass and Meek?2 investigated the reactions of phenyllith-
'!i.bin. , with three 1,2-epoxides, propylene oxide, styrene oxide 
and 1,1-diphenylethylene oxide. In each of these cases the 
only products were the more highly branched alcohols. No 
primary carbinols were formed. From these results the authors 
postulated that the reaction occurs by a nucleophilic dis-
placement. If a carbonium-ion mechanism were involved the 
more stable carbonium-ion would form and the product would be 
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the less highly substituted primary alcohol. Two carbonium 
ions are possible 1 as shown below. Formulation c is more 
stable than b 1 and therefore would lead to the formation of 
the primary alcohol as the predominate product. 
Li 
0 OLi /+\ \ + ;-CH2- CH2 ( > ~C-CH2 < > )C-CH20Li 
(a) (b) (c) 
However1 in ring openings involving a direct displace-
ment process, the reagent generally attacks the less sub-
stituted carbon atom1 resulting in the formation of the 
more highly substituted carbinol. 
The above comments formed the basis for the decision to 
condense 9-chlorononyne-1 with 1,2-epoxyoetane 1 as a pre-
parative method of making ~-1-chloro-11-hydroxyheptadecyne-8. 
However, it was essential to develop specific conditions for 
such a reaction. Consequently both sodium and lithium 
alkynyl derivatives were allowed to react with 1 1 -2-epoxyoc-
tane. The lithium derivative condensed smoothly to give the 
desired ~,-y -unsaturated alcohols in reasonable yield. No 
identifiable materials were obtained when the sodium 
acetylides were employed, other than recovered starting 
materials. 
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The recommended procedure for the preparation of 
dl-l-chloro-ll-heptadecyne-8 involves the formation of the 
lithium derivative of 9-chlorononyne-l and its condensation 
with 1,2-epoxyoctane in refluxing dioxan. The lithium 
acetylide was prepared by the addition of an equimolar 
amount of fresh butyllithium in ether, prepared e~aetly as 
described by Gilman and Morton,53 to the ethynyl compound 
dissolved in purified dioxan. The milky solut.ion, which tor• 
formed, was allowed to boil gently for one hour; a 50% ex-
cess of 1,2-epoxyoctane was then added. If extremely large 
excesses of the epoxide are employed, ethers27 tend to form, 
together with the alcohols. After refluxing for eighteen 
hours about two-thirds of the dioxan, was removed to facili-
tate the extraction o~ the product from a weakly acid solu-
tion.with ether. The reaction mixture was treated in the 
conventional manner. ~e lithium alcoholate was decomposed 
by pouring over ice containing glacial acetic acid. The 
alcohol was extracted with etb.B!t"~', washed, dried and dis-
tilled. The pure material was obtained in 66.5% yield. 
Tn preliminary pilot experiments 1-hexyne was used in 
place of 9-chlorononyne-1, in condensation reactions with 
1,2-epoxyoctane. The lithium derivative of 1-hexyne was 
prepared by the addition of the alkyne to extremely small 
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pieces of lithium wire in refluxing dioxan. This method of 
course coU.IT.d not be .employed in the case of 9-chlorononyne-1 
because of the possibility of a Wurtz reaction. The re-
mainder of the condensation and the isolation of the product 
were carried out as pre~~ausly described. The structure of 
the product, dl-8-hydroxytetradecyne-5, obtained in 41% 
yield, was verified by the infrared absorption spectrum, 
which showed hydroxyl absopption. By testing with bromine 
in carbon tetrachloride the compound was shown to be un-
saturated. Analysis also showed that condensation had 
occurred. 
However, this did not insure the formation of the 
desired fJ, ')' -aeetylenic alcohol. Condensation of 
heptaldehyde with l-bromoheptyne~2 using Reformatsky con-
ditions, as developed by Henbe~t, Jones and Walls,~~ gave 
a compound, dl-8~hydroxYtetradeeyne-5, contaminated with 
the corresponding allene. The product of this reaction 
had an lnfrared absorption spectrum, which could be super-
posed on that of dl-8-hydroxytetradecyne-5 prepared from the 
epoxide condensation, ff the absorption band for allenesaa~e 
1957 cm-1 • wage dis~egarded. 
The Reformatsky reaction employing active bromo alkynes 
in place of the more general reagents, bromo esters, has 
.been thoroughly investigated by several English workers2' 29, 54 
and shown to produce ~ -hydroxy alkynes. However, due to 
the mode of the reaction 'the product is generally 
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contaminated with the corresponding allenic compound~ 
Henbest# Jones and Walls29 had compared# in ract# the. re-
action or isobutylene oxide (LXX) and sodium acetylide 
(LXXI)# with that using acetone (LXXII) and propargyl 
bromide (LXXIII). The same prodqct# 2-methyl-2-hydro~y­
-l'J!~-e~l-l (LXXIV) was formed, indicating that both series 
of reactions produce {3 # T -acetylenie alcohols. 
( CH§) 2c, -9H2 + HCsCNa 
0 t (LXX) (LXXI) 
(CH3)2C(OH)CH2C:CH (LXXIV) 
(CH3)2co 
i Zn 
+' BrCH2c;cH 
(LXXII) (LXXIII) 
Other less successful aondensation studies preceded 
those described above. The lithium derivative of 9-chlorono-
nyne-1 was prepared rrom butyllithium and was treated with 
a 50% excess of 1,2-epoxyoctane. This reaction mixture was 
stirred at room temperature for rifteen hours. At the end 
or that time the reaction mixture gave a negative test with 
Michler's ketone. This i·s a specific test55 for the prell:letJ.ee 
of a carbon-to- metal linkage. At the beginning of the re-
action period, a green color was produced when a sample of 
lithium alkyne was added to the Michler's ketone solution. 
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However$ when the reaction was terminated1 a test with 
Michler's ketone afforded a yellow color, which appeared to 
be identical ·with that produced by a blank. The disappear-
ance of the organometal was puzzling since this experiment 
yielded only starting material. Sixty-two percent of the 
9-chlorononyne-1 was recovered, but only 42.5% of the 
1,2-epoxyoetane was obtained. 
Tbe reaction of sodium hexyne, formed by adding 
1-hexyne to a solution of sodium in liquid ammonia, with an 
equimoiar amount of 1,2-epoxyoctane at liquid ammonia tem-
perature was unsuccessful; the epoxide in 73% recovery was 
the only product. 
Another attempted condensation involved formation of 
hexynylsodium from prepared sodamide in ether at room 
temperature. Again an equimolar quantity of 1,2-epoxyoe-
tane was added to the sodium acetylide. The reactants were 
stirred for twenty-four hours. Subsequent isolation of the 
products yielded 25% of the starting oxirane compound, as 
well as a small amoUnt of oil, which on standing at room 
temperature separated into a solid and a liquid phase. 
Neither of these fractions showed any·unsaturation, nor the 
presence of hydvoxyl groups. Further characterization of 
these materials was not undertaken. 
The only deduction which can be advanced from the 
failure of these reactions is that the reaction conditions 
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must be more severe. This was found to be true in ·as much 
as the .~ondensation of 9-chlorononyne-1 and epoxyoctane was 
successfully accomplished at retlUXing dioxan temperature. 
It can not be concluded from these experiments whether the 
sodium acetylide would have produced results equally ::.:: 
satisfactorily as those obtained using alkynyllithium at 
higher temperatures. 
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4. Preparation of ~~Ricinoleic Acid (XXXIV). 
a. £!1.-Ricinstearolic Acid (XXXIII). 
~-cH3(cH2 ) 5dH(OH)CH2C:C(CH2 ) 7cl 
. ~ ~I . . . 
~-CH3 (cH2 ) 5CH(OH)CH2c;;c(cH2 )7~ 
·1 KCN 
(g!-cH3 (cH2 ) 5CH(OH)CH2C;C(CH2)i~ 
· ~ KOHjMeOHt'1I20 
dl-CH3(CH2)5CH(OH)CH2C;C(CH2)7COOH 
(L) 
(LXXV) 
(LXXVI) 
(XXXIII) 
Without isolating any intermediates, dl-1-chloro-11-
hydroxyheptadecyne-8 was converted to the iodide. The crude 
,91-1-iodo-11-hydroxyheptadecyne-8 was treated with·::;potassium 
cyanide and the resulting nitrile was hydrolyzed to dl-
ricinstearolic acid, dl-12-hydroxyoctadecyne-9-oic acid. 
. . ----
All of the conversions were performed using standard pro-
cedures and the over all yield tor the three steps, from 
dl-1-chloro-11-hydroxyheptadecyne-8 to the carboxylic acid 
was 59%. 
Conversion of Ol-1-chloro-11-hyd~oxyheptadecyne-8 to the 
corresponding ~-1-iodo-ll~hydroxyheptadecyne-8 was accom-
plished using excess sodium iodide in refluxing acetone. 
The reaction proceeded relatively slowly. Generally higher 
molecular weight alkyl chlorides react more slowly than those 
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of lower molecular weights. After refluxing for thirty-six 
hours the precipitated sodium chlqride was removed by fil~ra­
tion and found to _correspond to 81% completion of the reac-
tion. The solution was allowed to reflux for an additional 
fifteen hours. At that time the total conversion corres-
ponded to 85% completion. Longer refluxing failed to yield 
any more sodium chloride~ ·and the reaction was discontinued. 
It is possible that the sodium chloride formed during 
the reaction was. somewhat soluble in the reaction mediu~, 
since no special precautions were taken to dry. the solvent. 
If this is true, then the exchange of chloride by iodide 
may actually have been greater than 85%. Or, the rate of 
the reaction may decrease so sharply, as the concentrations 
of the reactants lessen~, that the reaction·appears to stop 
before 100% conversion of chloride to iodide. It might· 
therefore be advisable to employ a higher boiling·solvent~ 
in order to increase the reaction rate. Methyl ethUl ke-
tone is suggested because it has the same solvent properties 
as acetone. It is possible that this minor modification 
might insure a more complete conversion of 1-chloro-11-
hydroxyheptadecyne-8 to the iodo derivative. 
Without purification the dl-1-iodo-11-hydroxyheptadecyne-
~ was treated with potassium cyanide iri the conventional 
manner by reflUXing the mixture in aqueous alcohol.. Re-
placement of the iodide is a much faster process than re-
placement of the corresponding chloride. It was for this 
reason that dl-l-chloro-11-hydroxyheptadecyne-8 was con-
verted first to the iodide. 
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dl-l-Cyano-11-hydroxyheptadecyne-8 was in turn hydrolyzed 
to the carboxylic acid, ~-ricinstearolic acid. In order 
to determine whether or not any hydrolysis had occurred 
during the formation of the nitrile, the basic reaction mix-
ture was cautiously acidified after the nitrile was isolated 
by extraction with ether. However, no precipitate formed in 
the aqueous acid solution and it coUld be assumed safely 
that none of the nitrile had been converted to the acid. 
Hydrolysis of dl-1-cyano-11-hydroxyheptadecyne-8 was 
carried out by refluxing the nitrile with a concentrated 
aqueous solution of potassium hydroxide dissolved in ethanol. 
This process reqUired seventy-two hours. At the end of 
that time ammonia fumes, which were identified using tur-
meric paper, were no longer evolved. 
The acid was isolated by careful acidification of the 
basic reaction ~ture. A faintly yellow semisolid was 
obtained. After two crystallizations from hexane pure 
dl-ricinstearolic acid (m.p. 53-54°) was obtained. 
Analysis, neutralization equivalent and melting poi~t were 
correct. 
It is with the formation of dl-ricinstearolic acid that 
the present synthesis joins the synthesis of Crombie and 
Jacklin. 2 Relative merits of the two syntheses will be 
discussed later. 
b. ~Ricinoleic Acid XXXIV) • 
dl-CH3 (cH2 ) 5cH(OH)CH2c:c(cH2 ) 7cooH 
J Ha(Lindlar Catalyst 
dl-CH3 ( CH2) 5CH(<IH)CH2CHeCH ( CH2) 7COOH 
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(XXXIII) 
(XXXIV) 
A method for the selective reduction of alkynes to 
alkanes has been developed recently by Lindlar~3l The 
catalyst used is palladium, which has been somewhat deacti-
vated by treatment with lead diacetate, and supported on 
. 
calcium carbonate. The availability of this catalyst has 
made the preparation of olefins from acetylenes extremely 
convenient.. The reduction after approximately one mole of 
hydrogen was absorbed was found to stop spontanepusly. 
Previous to the development of this intentionally 
poisoned catalyst, palladium was used for the reduction of · 
alkynes to alkenes. Although this catalyst is not specific, 
the reduction of the triple bond is usually raster than that 
of the double bond. Therefore, a change in the rate of 
hydrogen absorption was generally observed after one mole 
had been utilized. Hydrogenation could be stopped at that 
point. However, it has been reported56 that reduction using 
palladium as the catalyst does not yield the pure olefin 
directly. 
In the reduction of dl-ricinstearolic acid to 
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2 dl-ricinoleie acid, the method of Crombie and Jacklin was 
employed without modification. To the dl-ricinstearolic 
acid, dissolved in methanol containing the Lindlar catalyst, 
a few drops of quinoline was added and hydrogen was passed 
in until one mole had been absorbed. The time for the 
reduction varied from twenty-five minutes to two hours .• 
The difference in these reaction rates is thought to result 
from differences in the exact amount of quinoline employed. 
Quinoline deactivates the catalyst ~omewhat further and be-
cause the quantity of this reagent is so small, the:; '.::;,~ 
~· 
slightest variation in amount was found to make a signifi-
cant difference in the rate of hydrogenation. Regardless of 
the reduction rates, only one mole of hydrogen was absorbed 
and the yields of dl-ricinoleic acid were uniformly over 
Since catalytic hydrogenations are known to proceed by 
cis addition of hydrogen, dl-ricinoleic acid was obtained 
directly. 57 
c. Purification of dl-Ricinoleic Acid. 
~-Ricinoleic acid, it is reported7 has never been pre-
" pared in the pure state. The reason for this is that the 
free acid has a tendency to laotomize and form intermolecular 
esters rapidly. Ma.inly,workers have outlined methods of 
purification through ~arLous salts and Brown and Green18 
state that 97% pure d-ricinoleio acid was obtained by low 
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temperature crystallization from acetone. Crombie and. 
Jacklin2 also state that analytically pure ~ricinoleic 
acid was prepared by the same method. In the present work 
attempts to purify the synthetic acid using this teahnique 
met with failure. Evidently acetone occluded by the 
dl-ricinoleic acid caused the material to have a lower melt-· 
ing point and refractive index than reported. 
Kendall~ Lumb and Smith3 are reported to have success-
fully distilled dl-ricinoleic acid at very low pressures~ 
without decomposi~ion. This method was also attempted but 
without success. Thus after the acid was distilled at 
5 Xl0-5 mm. it was sealed while still under vacuum and 
analyzed. Analysis showed that although the material had 
not decomposed~ it was not pure. 
Chromatography on commercial silica gel did not prove 
successful. However, chromatography on a mixture of Norit 
and Hy-flo afforded pure ~-ricinoleic acid in good yield. 
This method described originally by Holman and Williams58 
uses as the absorbent a homogeneous mixture of two parts of 
Hy-flo, diatomaceous earth and one part Darco G, decolorizing 
charcoal. In the present research Norit was used. in place 
of Darco G. Holman and Williams report that nonconjugated 
fatty acids are less firmly adsorbed than conjugated or 
saturated fatty acids, as a general rule. The eluting sol-
vent in the early work was 95% ethane~. In most cases 
relatively large amounts of solvent were passed through the 
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the column before the acids themselves were recovered. 
Since ricinoleic acid is unstable it was essential to re-
cover the acid as quickly as possible and solidify it. In 
the solid state ricinoleic acid is less reactive than in the 
liquid. 
Cassidy59 reported that fatty acids could be recovered 
from the first several eluates if petroleum ether were used 
and charcoal was the adsorbent. A eombinatio~ of the two 
methods was employed. The adsorbent described by Holman 
and Williams was more satisfactory because a larger column 
is used. The diatomaceous earth is present only as bulk and 
is not considered to have any powers of adsorption. In such 
a column it is possible to develop a better chromatograph and 
thereby achieve more complete separation. 
Using a mixture of equal volumes of petroleum ether and 
ether pure ~-ricinoleic acid·was eluted from the column. 
The solvents were removed very carefully at room temperature 
with the aid of dry nitrogen, because it has been reported18 
that £-ricinoleic acid is unstable above sixty degrees. 
The above procedure yielded analytically pure 
dl-ricinoleic acid. The melting point, refractive index and 
neutralization equivalent compared well with those reported 
in the literature.2 
d-Ricinoleic acid was prepare·d by the hydrolysis of' 
commercial lithium ricinoleate and purified by chromatography, 
just as described for ~-ricinoleic acid. The infrared 
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spectra of the two acids were superposable. Both showed 
hydroxyl absorption at 3401 cm-1 • and carbonyl absorption due 
to the carboxylic acid at 1715 em-1 • 
d. Characterizati_on of &-Ricinoleic Acid. 
dl-Ricinoleic acid was converted to methyl dl-ricinoleate 
- . - . 
by treatment with diazomethane. Af'ter distillati-on a color-
less product was obtained on distillation which had properties 
(e.g. boiling point and ref'raetive index) identical with 
redistilled commercial methyl d-ricinoleate. In this case 
as in the case of' the acid itself' the infrared spectra could 
be superposed. 
The methyl ester was reduced to methyl dl-12-hydroxy-
stearate~ because the f'ree acid cannot be successfullyhydro-
gena ted. This reduction was carried out using glacial 
acetic acid as the solvent and platinum as the catalyst. 
After one mole of' hydrogen was absorbed the reaction was 
terminated and the resulting white crystalline pro~uct was 
recrystallized twice f'rom acetone. The reduced racemic ester 
m.p. 55 .. 0-55.5°; reported m.p. 50-5160 and m.p. 53.4-53.6°61 
showed the correct analysis for methyl dl-12-hydroxystearate. 
. - . 
The formation of' these derivatives establishes conclu-
sively the product of' the synthesis to be dl-ricinoleie 
acid. 
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5. Preparation of 7-Bromoheptanoic Acid (LVII). 
HBr 
7- BrCH2(CH2)5cooH 
(LVI) (LVII) 
The preparation of 7-bromoheptanoic acid was accomplished 
by the oxidation of cycloheptanone using Caro's acid and 
trifluorpperacetic'a.Cltg, followed by treatment of the lactone 
with aqueous hydrobromic acid. The 7-bromoheptanoic acid 
was desired as an alternate and potentially more useful 
starting point for the ricinoleic acid synthesis (see page 
24 ) than pimelic acid (see page 20 ). Unfortunately the 
yields in the preparation of 7-bromoheptane~~c acid were 
not satisfactory; therefore this alternate path was aban~ 
doned. 
a. Treatment of Cycloheptanone with Caro 1 s 
Acid Followed by Hydrobromic Acid. 
Caro's acid, permonosulfuric acid, first described in 
62 1898 ·has been widely employed for the fission of the 
carbon-carbon linkage of ketones and has been successfully 
used for the oxidation of many-membered cyclic ketones to 
~63 64 lactone a. Oxidation of eyclopentanone and cyclo-
hexanone65 using Caro•s acid have been reported. Baeyer 
and Villiger66 oxidized cyclopeptanone· using this reagent, 
but isolated the product, ethyl 7-hydroxyheptanoate in a 
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yield of only 30%. 
In an effort to carry out the oxidation of cycloheptan-
one in higher yialds than reported by the earlier workers$ 
the method described by Buchi and Jegar, 64 who obtained 
ethyl 5-bromopenteno~ce aoid from cyclopentanone in approxi~ 
mat.ely 60% yield, was foll·owed, . This procedure involved 
' 
the slow addition of cycloheptanone to a cold prepared solu-
tion of Caro 1 s a~id, and subsequent stirring of the reaction 
mixture in the cold. Although the oxidation product was not 
~solated in a pure state, it was not a hydroxy acid anp was 
yresumably the lactone; the infrared absorption spectrum 
showed no peaks in the region associated with free hydroxyl 
group absorption (3650-3590 cm-1). Immediate conversion of 
the lactone to the brome acid was also performed exactly as 
described.for the lactone of cyelopentanone. H0 wever, the 
7-bromoheptanoic acid obtained from this preparation was 
only equivalent to thirteen percent of the theoretical 
amount. 
In an attempt to obtain better yields of the bromo 
acid the above oxidation procedure was modified slightly in 
a subsequent preparation. Rather'· than oxidizing the ketone 
at ice temperature, the reaction mixture was allowed to 
warm to room temperature ·after the addition of cycloheptanone 
to the oxidation reagent. Periodically, aliquots were re-
moved from the reaction mixture and examined for the presence 
of ketone, using 2, -4-dinitrophenylhydrazine reagent. Even 
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after seventy-two hours of continuous stirring unreacted 
cycloheptanone remained. However in this case a somewhat 
higher yie~d of 7-bromoheptanoic acid was obtained$ a result 
corresponding more closely with that reported by Baeyer and 
66 Villiger. 
b. Treatment of Czcloheptanone with 
Trifluoroperacetic Acid Followed by Hydrobromic Acid. 
About the same time the above work was completed$ 
Emmons and Lucas67 reported a practical preparation of 
trifluoroperaoetic acid and subsequent oxidation of ketones 
. . 
to esters. Sager and Duekworth68 who employed this reagent 
for the. oxidations of cyclopentanone and cyclohexanone '- :~7 
obtained the corresponding crude lactones in yields of 88% 
a~d 76%, respectively. 
The 'trifiliuoroperacetic acid prepared exactly as des-
cribed in the literature67 was added to a mixture of cyclo-
heptanone dissolved inmethylene chloride and a buffer, 
dried sodium dihydrogen phosphate, which removed the tri-
fluoroacetic acid as it was formed. (Trifluoroacetic acid 
is a stronger acid than trifluoroperacetic acid.) The re-
action appeared to be extremely vigorous and at one. point 
flooded the condenser. -The crude lactone\ ·,·;;:; s converted 
directly to 7-bromoheptanoic acid by the same procedure as 
used above, afforded the bromo acid again in extremely low 
yield (10%). Accordingly ~his approach to the synthesis of 
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dl-ricinoleic acid was discontinued. 
- One report69 claims the preparation of heptamethylene 
lacton~, isolated as the hydrazone, in 97% yield. The 
oxidation was carried out using perbenzoic acid and required 
seventeen days for completion. This method was not investi-
gated, however, because perbenzoic acid can only be prepared 
in small quantities, a featttre which makes it impractical for 
synthetic work. The method has other disadvantages since 
the time required for each preparation is long and the pro-
duction of perbenzoie acid hazardoua. Also, in view of the 
/ 
earlier reports, as well as the yields of 7-bromoheptanoic 
acid obtained in this work1 it is difficult to accept the 
results obtained using perbenzoic acid, as the oxidizing 
. 
agent, without some reservations. 
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6. Conclusions of This Research. 
A third alternative method for the preparation of 
dl-ricinoleic acid is reported. The synthesis c~mpleted 
during this work is considered the most satisfactory and 
l 
confirms the structure proposed by Goldsobel to be correct 
for ricinoleic acid. 
This research has shown that condensation of epoxides 
with alkynes can be extended beyond the simple members of 
each class and under the proper conditions can be developed 
into a reasonably high yield process. 
* 
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C. Comparison of the Three Syntheses of dl-Ricinoleie 
Aeid. 
The present synthesis of Q-ricinoleie acid is con-
sidered to be superior to either or the previous methods. 
The main feature i~ the formation or dl-ricinoleic acid in . 
this work in an overall yield or 8.~3%~ whereas in the 
earlier syntheses only traces of the final product were ob-
tained. Crombie and Jacklin2 in order to have working 
amounts of material were required to convert d-ricinoleic 
acid to d-ricinetearolic acid by bromination, followed by 
dehydrobromination. The secondary hydroxyl group or 
d-ricinstearolic acid was then oxidized ~o the carbonyl 
(LXXVII) and reduced with potassium borohydride giving 
dl-ricinstearolic acid. 
£-CH3(CH2)5CH(OH)CH2C:C(CH2 )7COOH 
t Cro3 
0 
II 
CH3(cR2) 5ccH2Ia:::~)yGOOH 
£h-CH3(cH2)5cH(OH)CH2c=c(cH2)7coOH 
(X) 
(LXXVII) 
(XXXIII) 
This dl-ricinstearolic acid was shown to be identical 
-
with the synthetic material and was carried through the 
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remainder of the synthesis in place of the totally synthetic 
acid. 
The synthesis of Kendall~ Lumb and Smith3 can not be 
compared with either of the other preparations because a 
specimen of the pure synthetic~ dl-ricinoleic acid was 
never obtained. Kendall~ Lumb and Smith prepared the dl-
-acid by first making the methyl ester and subsequently 
saponifying it. This saponification using methyl ~­
-ricinoleate has been reported by Brown and Green18 to give 
£-ricinoleic acid of only 97% purity. 
Another attractive feature of the present synthesis is 
the specificity of the reactions em:Ployed. Every reaction~ 
except the half iodination of 1~7-dichloroheptana~ gave only 
one product. Crombie and.Jacklin not only encountered an 
identical situation in the preparation of 1-chloro-6-iodo-
hexane~ but during the condensation of heptaldehyde and 
propargyl bromide, a mixture of al-4-hydroxydecyne-l and the 
corresponding allene wa:se formed. Although this situation 
decreased the yield somewhat~ separation of the products was 
accomplished easily. 
A discussion of the relative merits of the synthesis by 
Kendall, Lumb and Smith is difficult because the only report 
was in the form of a communication~ which included only 
sparse detail. 
SECTION V 
EXPERIMENTAL PART 
All melting and boiling points reported in this section 
are uncorrected. The refraeti ve indices wer.e determined 
using a Zeiss Refractometer. Analyses were done by 
Dr. Carol K. Fitz, Needham, Mass., unless otherwise stated. 
Infrared absorption spe~tra were obtained using a 
Perkin Elmer Spectrophotometer, Mode~ 12 c. All .pertinent 
spectra. are included at the end of the thesis.· 
A. 1 17-Dihydroxyheptane. 
HOOC(CH2)5COOH 
(XLIV) 
HOGH2(cH2)5cH20H 
(XLV) 
The general procedure for the reduction of earboxylic 
acids using lithium aluminum hydride described by Nystrom 
and Brown33 was followed and also modified. 
1. Lithium Aluminum Hydride Reduetti:Oni1 of Pimelic Acid.33 
A slu~ry of 41.09 g. (1.083 moles) of gray lithium 
aluminum hydride (used as received from Metal Hydrides Co.) 
suspended in one liter of dry ether (Baker Analyzed, dried 
. over fresh sodium wire) was prepared in a 5-liter three-pecked 
flask. The reaction flask was equipped with a pressure 
equalizing dropping funnel, a mechanical stirrer, a water 
oo~led condenser and a calcium chloride drying tube. The 
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gray slurry was stirred for twenty minutes at room temperature • 
. A solution of 28.88 g. (0.181 mole) of purified pimelic 
acid (m.p. 104-105°) was prepared in one liter of dry ether 
according to the method described in qrganie Syntheses.7° 
This acid solution was introduced into the lithium aluminum 
hydride slurry dropwise at a rate sufficient.to maintain 
gentle refluxing. ~e addition required about one hour. 
After about one-third of the acid solution was added# the 
gray slurry was transformed into a heavy white precipitate. 
The reaction mixture was stirred at room temperature . for 
twenty-two hours after the addition ·was completed~ and was 
then refluxed for three hours on a steam bath. 
Anhydrous ethyl acetate (264 g.; 3 moles of Eastman# 
White Label~ ;,--.,:~ used as received)· was added dropwise to 
the reaction mixture ov~r a period of twenty minutes. The 
reaction mixture was heated on a steam bath for one hour 
after the addition. A water solution (1.6 1.) saturated 
with respect to ammonium sulfate (70 g. per 100 g. of water) 
and potassium sodium tartrate (26 g. per 100 g. of water) 
was added to the cooled ethereal mixbure with stirring. 
The mixture was stirred for an additional fifteen minutes. 
When the stirring was stopped the clear ethe~eal layer was 
removed by a siphoning process. The aqueous salt solution 
was extracted with ten 250-ml. portions of ether. The mix-
ture was stirred for ten minutes with e~ch fresh portion of 
ether. The ether of the combined extracts was partially 
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removed by distillation-on a steam bath, until the total 
' volume was approx~ately one liter. The solution was dried 
overnight over anhydrous sodium sulfate. The drying agent 
was removed by filtration and the remainder of the ether was 
removed by distillation on a steam bath under water pump 
pressures. The impure product had a yellowish cast and con-
tained a small amount of solid, which was removed by filtra-
tion. 
The crude material (26.1 g.) was distilled from a 
50-ml• pear shaped distilling unit equipped with a 10 om. 
Vigreux column. The following fractions were collected: 
\ 
1. B.p. up to 108° (1.5 mm.) at bath temperatures 
112-145°; n25 1.4463; 1.89 g.; colorless • 
. D . 
2. ·B.p. 109-111° (1.5 mm.) at bath temperatures 
145-152°; ~5 1.4523; 16.52 g.; colorless. 
Fraction 2 was accepted as pure product. The physical 
properties compare favorably with those reported by Huber,35 
i.e., b.p. 112-115° (2 mm.) and n_5° 1.4520. The purified 
produ~t was obtained in 6g.4% yield. 
2. Recommended Procedure for the Lithium Aluminum 
Hydride Reduction of Pimelic Acid to 1,7-Dihydroxyheptane. 
A slurry of 150.0 g. (3.95 moles} of lithium aluminum 
hydride (used as received fro~ Metal Hydrides Co.) in 2.5 
liters of ether (Baker's Analyzed, dried over fresh sodium 
wire) was prep~red in a 5-ltiter three-necked flask. The 
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reaction vessel was equipped with·a mechanical stirrer, a 
Soxhlet extraction apparatus and a calcium chla~ide drying 
tube• One hundred grams (~.63 mole) of pimelic acid 
(received from Sapon Laboratories, m.p. 104-105°; reported71 
m.p. 105-105.5°)was extracted in three portions. Using a 
cotton wad at the· bottom of the extractor in place of the 
conventional thimble made the extraction process continuous. 
The total extraction required fifteen hours. It was neces-
sary to heat the reaction mixture slightly to keep the rate 
of extraction constant. This was done using a heating 
mantle. 
The reaction mixture was allowed to reflux for fifteen 
hours after the addition of the pimelic acid. At the end 
of this period 348.0 g. (3.95 moles) of ethyl acetate was 
added dropwise over a period of one. and one-half hours, 
after which time the mixture was allowed to reflux for four 
hours. 
To the cooled reaction flask, 400 ml. of a solution 
saturated with respect to ammonium sulfate and potassium 
. 
sodium tartrate was added dropwise. The white precipitated 
salts were removed by filtration, and the ethe.r solution of 
the diol was dried over anhydrous sodium sulfate. The salts 
were tho~oughly triturated twice with warm ether, the com-
' bined ether solutions were dried over anhydrous sodium sulfate 
and evaporated on a·steam bath under reduced pressures. 
From the original reaqtion mixture 37.8 g. of crude glycol 
was obtained and from the first and second tritu~ations 
11.1 g. and 1.0 g. were obtained respe~tively. The total 
yield or unrefined product was 49.9 g. 
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The inorganic salts were further extracted by dissolving 
them in two liters of a water solution saturated with respect 
to ammonium sulfate and potassium sodium tartrate and treat-
ing with ether four times as described in the previous prep-
aration of 1,7-dihydroxyheptane. An additional 14.3 g. of 
product was obtained. This gives a total crude yield or 
77.8%. 
The combined alcohol portions were distilled under 
reduced pressure, from a 100-ml. flask ( ~ 24/40) equipped 
with a Claisen head. All or the material distilled in one 
fraction, boiling at 133-135° (1.0 mm.) at a bath tempera-
ture of l64-l65Q· The pure 1,7-dihydroxyheptane (~5 1.4522) 
weighed 60.4 g., (73·2% yield). 
· Table I summarizes all or the preparations or 
1,7-dihyd;ooxyheptane. Those preparations which were done 
following the recommended procedure are marked with three 
asterisks. 
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TJ;\.BLE I 
OTHER PREPARATIONS OF l~ 7;;.DillYDROXYHEPTANE 
Moles of Moles of 1~7-Dihydroxwheptane 
Pimelic Lithium 
Acid Aluminum Yield Boiling Index of 
Hydride Point Refraction 
i:).lO 0.30 61.5% 114-115° ( 2 mm.) ~5·1.4525 
0 .. 20 1,.20 87.1% 115-116.5°(2 mm.) ~5 1.4496 
0.15* 0.44 66.9% l09-ill0 (1.5 mm.) 25 nn 1.4523 
0.34* 1.02 90.0% 126-127°(2 mm.) ~5 1.4536 
0.19 1.11 75.0%*il 
0.18 1.08 69.4% 109-111°(1.5 mm.) ~5 1.4523 
0.63*** 3.95 73.2% · 133-135°(1.0 mm.) n~5 1.4522 
0.28*** 1.66 73.6% 120.121 °(2 mm.) r£5 1.4524 
0.31*** 1.86 56.8% lll-114°(1.2 mm.) ~5 ~-4520 
* Dimethyl pimelate was used in place of pimelic acid. 
** The crude product was used without further purification. 
*** The recommended procedure was foll.owed. 
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HOCH2(cH2)5cH20H 
(XLV) 
ClCH2(cH2)5cH2Cl 
(XLVI) 
In accordance with the procedure described by Bumpus, 
Strong and Ahmad, 37 60.4 g. (0.456 mole) of 1,7-dihydroxy-
heptane and 10 ml. Bf pyridine (b.p. 115.2-115.5°, stored 
over potassium hydroXide; reported72 b.p. 115.2-115.5°) 
. . 
were place.d in a 1-liter, three-necked, round-bottomed flask, 
equipped with a mechanical stirrer, a pressure equalizing 
dropping funnel, a water cooled condenser and a calcium 
chloride drying tube. The flask and contents were cooled 
in an ice-salt bath. Thionyl chloride (326.0 g., 2.74 
moles, Eastman nwhite label", used as received) was intro-
duced into the reaction :tlask dropwise. The mixture was 
stirred continuously during the addition, which required one 
hour, and was kept at ice temperatures. The partially frozen 
reaction mixture first became orange and then brown. After 
the introduction of the thionyl chloride was complete, the 
ice bath was removed and the material was stirred for sixteen 
hours at room temperatures, and then refluxed for three 
hours by means of an electrically heated mantle. 
The reaction mixture, cooled to room temperature, was 
poured over 1000 g. of ice. The brown organic layer was 
taken up in 300 ml. of ether. The ether layer was separated 
and the resulting aqueous. phase was extracted four times 
with 100-ml. portions of ether. 
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The combined ethereal solutions were washed three times 
with 100-ml •. portions of water# twice with 100-ml. portions 
of a 5% sodium bicarbonate solution and again with water 
until the washings were neutral to litmus paper. The 
yellow ether solution was dried over anhydrous sodium sul-
fate. The drying agent was removed by filtration and the 
ether by distillation# under reduced pressure, on a steam 
bath. The crude dichloride (73.5 g.) was distilled from a 
150-ml. flask, equipped with a Claisen head. All . of the 
. 0 
material distilled in one fraction, boiling at 103-105 
(8 mm.) at bath temperatures 137-147°. The yield of pure, 
25 . 
colorless 1,7-dichlorobeptane, nn 1.4560# was 69.3 g. or 
90.3% of the calculated yield. Huber35 reports the physical 
constants of 1,7-dichloroheptane to be: b.p.· 124-125° 
(35 mm.) and n25 1.4565. 
. l) . 
Table II summarizes all of the preparations of 1,7-di-
chloroheptane. The same general procedure ':Jas first described 
was fo1lowed. 
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TABLE II· 
PREPARAT!ONS OF 1.,7-DICBLOROHEPTANE 
1.,7-Dichloroheptane 
Moles of Moles of 
1.,7-Dihydroxy-1 Thionyl Yield Boiling 
heptane Chloride Point 
0.05 0.20 43.3% 0 96-97 ( 9 mm.) 
0.17 0.70 80.0% 103-105° ( 9 mm. ) 
0.13 0.75 79.2% 90-92°(7 mm.) 
0.31 1.84 61.3% 90-91 °( 4 mm.) 
0.14 0.82 65.0%* Sl 94-96 ( 8 mm.) 
0.20 1.22 71.5% 84-~0 (3 mm.) 
0.18 1.03 80.0% 105-107° ( 10 mm.) 
0.46 2.74 90.3% 103-105° ( 8 mm. ) 
* The yield is based on pimelic acid rather than 
1.,7-Dibydroxyheptane. 
Index of 
Refraction 
~5 1.4560 
z£5 1.4553 
~5 1.4561 
~5 1.4561 
25 
nn 1.4565 
~5 1.4557 
~5 1.4563 
~5 1.4560 
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c. l-Chloro-7-Iodoheptane. 
Nai 
ClCH2(cH2)5cH2Cl > ClC~CH2 ) 5cH2I+ ~CH2(cH2 ) 5cH2IJ (cH3 )2co 
(XLVI) (XLVII) 
To a refluxing solution of 69.3 g. (0.41 mole} of 
1,7-dichloroheptane in 350 ml. of acetone (Baker's 
Analyzed), a solution of 61.5 g. (0.41 mole) of sodium 
. . 
iodide (Merek reagent grade} in 350 ml. of the same kind of 
acetone was added.dropwise over a period of three and one-
~half hours, according to the procedure described by Bumpus, 
Strong and Ahmad.37 During the addition a heavy white pre-
cipitate of sodium chloride began to form and the solution 
became a vivid yellow. The resulting mixture was stirred 
and refluxed for an additional twenty-two hours. At the 
end of this time the sodium ch~oride was removed by filtra-
tion and the acetone was stripped from the reaction mixture, 
by distillation ander water pump pressures, on a steam bath. 
The residual mixture was taken up in 500 ml. of ether 
(Baker u.s.P.) and washed once with a 50 ml. portion of 
water, three times with 50-ml. portions of 5% sodium thio-
sulfate and twice more with 50-ml. portions of water. The 
eolorless ether solution was dried over anhydrous sodium 
sulfate, and the ether was removed by distillation,at water 
pump pressures, on a steam bath. 
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The yellow residue was distilled through a 25 em. 
vacuum jacketed Vigreux column equipped with a variable re-
flux head, under reduced pressure supplied by a mechanical 
oil pump. The following fractions were collected (6 mm.): 
Oil Bath Vapor ,Index of 
Temperature '.l Temperature Weight Refraction 
1. 75-194° 85-121° 27.8 g. ~5 1.4633 
2. 194-205° 121-130° 6.0 g. z£5 1.4831 
3. 205-219° 144-149° 41.5 g. n25 1.5178 D 
FJ;>action 3 was taken as produ.ct • Assuming that frac-
tions 1 and 2 are slightly impure 1,7-dichloroheptane1 the 
conversion was 38.8% and the yield was 75.5% of the calcu-
lated amount. Huber35 reports b.p. 110°(6.5 mm.) and 
~5 1.5158 for pure 1-chloro-7-iodoheptane. The material 
recovered in fractions l and 2 was recycled. 
Table III summarizes all of the preparations of l-chloro-
-7-iodoheptane. The same general procedure a:s described 
above was followed. 
TABLE III 
PREPARATIONS OF 1-CHLOR0-7-IODOBEPTANE 
Moles of 
1,7-Dichloro- Weight of Weight of· % % 
heptane. Fraction 3 Fraction 1 Conversion Yield 
0.02 1.81 g 1.78 g. 35.0 67.6 
0.12 12.05 g. 6.84 g. 38.6 56.4 
0.10 8.66 g. 3.88 g. 33.3 44.4 
0 .. 24 25.22 g. 13.74 g. 40.5 60.6 
0.12 11.81 g. 6 .. 38 g. 37·5 56.2 
0.15 12 .. 71 g. 10.22 g. 32.0 '5:1.6 
0.14 15.24 g. 3.50 g. 41.9 48.9 
~ 
0.20 15.90 g. 30.5 
0.41 41 .. 50 g. 27.80 g.· 38.8 75·5 
, .. 
' . 
7Q 
D. 9-Chlorononyne-l. 
HC :CNa 
Liq. NH3 
(XLVII) (XLVIII) 
Following the procedure des~ribed by Gensler and 
Thoma~4l 7 .oo g. (0.305 mole) of metallic sodium~ which had 
been fre~hly cleaned and cut into small cubes# was added to 
1000 ml. of liquid ammonia (DuPont Anhydrous) contained in 
a 3-liter, three-necked, round-bottomed flask. The reaction 
I 
flask was equipped with a dry ice-acetone condenser, a me-
chanical stirrer and a gas iplet tube. A deep blue color 
was pDoduced as the metal dissolved in the liquid ammonia. 
Acetylene (Prestolite)~ purified by passage through concen-
trated sulfuric acid and an empty gas-washing bottle# was 
bubbled into the stirred solution until the color dis-
appeared and a greyish suspension was formed. This process 
required about one-half hour. Acetylene was allowed to 
bubble into the reaction mixture for an additional hour, and 
then the gas inlet tube was replaced by a dropping funnel 
and 61.7 g. (0.236 mole) of l-chloro-7-iodoheptane was added 
dropwise at a rate which did not cause excessive refluxing 
of the liquid ammonia. The addition required forty-five 
minutes. The dropping funnel was washed with 50 ml. of 
absolute ether, which had been dried .over fresh sodium wire, 
and the ether was added to the reaction flask. The mixture 
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was stirred at the boiling point of liquid ammonia for an 
additional five hours. At the end of that time 100 ml. of 
water was added at such a rate that the reflux capacity of 
the condenser was not exceeded. The react·ion mixture was 
allowed to stand in the hood until most of the ammonia bad 
evaporated. 
The yellow organic layer was taken up in 400 ml. of 
ether and separated from the aqueous phase. The water 
layer was further extracted with three 100-ml. portions of 
ether. The ether solutions were combined and washed five 
times with 100-ml. portions of water~ twice with 50-ml. 
portions of 5% hydrochloric acid and again with water until 
the washings were neutral'to litmus paper. The ether solu-
tion was dried over anhydrous sodium sulfate. The drying 
agent was removed by filtration and the ether by distilla-
tion on a steam bath at atmospheric pressures. 
The residue was distilled in a standard taper distilling 
apparatus through a Claisen head, under a vacuum of a me-
chanical oil pump. The following fractions were collected 
(19 mm.): 
Oil Bath Vapor Refractive 
Temperature Temperature Weight Index 
l. 130-139° 83-101° 1.60 g. ~5 1.4338 
2. 140-149° 102-105° 30.00 g. 25 nn 1.4511 
. 
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Fraction 2 was taken as product. The weight obtained · 
corresponds to 80.0% of the dalculated amount. 
Analysis: Calculated for c9H1§Gl: C 68.1, H 9.4 
Found: 
Table' IV summarizes all of the preparations of 9-Chloro-
nonyne-l. The same general procedure as described above was 
followed. 
I TABLE IV 
PREPARATIONS OF 9-CHLORONONYNE-l 
9-Chlqrononyne-l 
Moles of 
1-Chloro- Moles of Boiling Index of 
7-iodoheptane Sodium Yield Point Refraction 
0.05 0.06 47.2% 104-106°( ' 23 mm.; . ~5 1.4513 
0.09 0.12 57.6% 98-101°( 17 mm. 25 n0 1.4515 
0.03 0.05 43.8% 112-116°(23 mm.) ng5 1.4539 
0.05 0.06 26.2% 104-108° ( 16 mm.) n~5 1.4517 
0.05 0.06 29.0% 77°(10 mm.) ~5 1.4513 
0.06 0.08 52.1% 0 87-90 ( 8 mm.) 25 n0 1.4518 
0.24 0.31 80.0% 102-105° ( 16 mm.) 25 n0 1.4511 
E. 1,2-Epoxyoctane. 
CH3(cH2)5CHmCH2 
(LXIII) 
CH3(cH2 ) 5c~-9H2 
0 
(XLIX) · 
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1,2-Epoxyocta~e was prepared by oxidizing 1-octene with 
either perbenzoic acid or: with trif'luoroperacetic acid. 
1. Oxidation of' 1-0ctene with Perbenzoic Aeid. 
A solution of' 15.7 g. (0.14 mole) of' distilled l~octene 
ift 75 ml. of' chloroform, whieh had been d~ied over anhydrous 
sodium sulfate, was prepared and cooled to ice bath temper-
atures. The 1-octene, received from Matheson, was distilled 
using a thirty-six ineh Widmer column, equipped with a vari-
able reflux head, under atmospheric pressures. The boiling 
. 0 point, b.p. 120-120.5 , and the refractive i~dex, 
~5 1.406~ agreed favorably with the reported values,73 
b.p. 121~122° and n~9 1.4085. Perbenzoic acid solution, 
prepared exactly as described by Swern,74 275 ml. of' whieh 
eorr~sponded to 0.16 mole of' peracid, was added dropwise to 
the cold solution of' 1-octene over a period of' fifteen ~inutes. 
The reaction mixture was stirred continuously during the 
addition and the temperature was not allowed to rise above 
5°. In order to keep the solution of' perbenzoic aeid cold 
during the addition, the burette used was jacketed with a 
wide glass tube having an inlet at the bottom and an outlet 
' 
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at the top. Ether was sucked up through the jacket and 
evaporated using·water pump pressures. This process cooled 
the burette to ice temperatures. 
The pale yellow reac~ion mixture was stored in the re-
frigerator and periodically aliquots were removed and ti-
trated. The amount of active oxygen remaining was0estimated 
by iodometrio titration. One gram of sodium iodide was dis-
so~ved in 50 ml. of water and then 5 ml. of glacial acetic 
acid was added. To this mixture 2 ml. of·the epoxidation 
solution was added with vigorous shaking. The iodine lib-
erated was titrated with approximately 0.1 N sodium thio-
sulfate. After forty-eight hours the titer became constant, 
and corresponded to greater than lOO% com~letion of the re-
action. 
The reaction mixture was washed three times with 50-ml. 
portions of a 5% sodium thiosulfate solution. The last 
washing gave a negative test for the presence of free per-
benzoic acid when tested with sodium iodide. The chloroform 
solution was then washed with a 5% solution of sodium bicar-
bonate until the washings no longer gave a precipitate with 
hydrochloric acid, and then with water until the washings 
·were neutral to litmus paper. The chloroform solution was 
dried over anhydrous sodium sulfate. The drying agent was 
removed by filtration and the chloroform was removed by 
distillation on a steam bath, through a 20 om. column using 
only slightly reduced pressure. The crude yellow epoxide 
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was distilled from a 25-ml. distilling unit equipped with 
an 8 em. Vigreux column. Th.ere was essentially no forerun 
and the physical constants f'or the mainlfraetion, b.p. 64-65° 
(15 mm.) and ~5 1.4184, agree favorably. with those reported 
by Swern43 for 1,2-epoxyoetane, b.p. 61°(15 mm.) and 
~o 1.4193. The purified product (14.05 g.) was obtained 
in 78.5% yield. 
Table V summarizes all of' the preparations of' l,-2-~po~y­
oetane, following the proeedur~ described above. 
TABLE V 
PREPARATIONS OF 1, 2-EPOXYOCTANE 
Moles of' Moles of 1~"2-Epox:voetane 
1-0etene Perbenzoic Yield Boiling Index oT 
Acid Point Refraction 
·o.1o 0.11 64.1% 54-55°(10 mm.) ~5 1.4179 
0.09 0.10 84.4% 0 70-71 (28 mm.) 25 nn 1.4203 
0.20 0.23 93.0% 76-77° ( 27 nnn.) 25 nn 1.4191 
0.13 0.15 72.1% 0 70-71 (24 mm.) ~5 1.4186 
0.14 0.16 78.5% 64-65°(15 mm.) ~5 1.4184 
2. Oxidation of 1-0etene with Trif'luroperaeetie Acid. 
According to the method of' Emmons and Pagano~2 a sus-
pension of 41 ml. of 90% hydrogen peroxide (a gift. from Beeeo 
Chemical Division, Food Machinery and Chemical Corporation) 
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in 250 ml. of methylene chloride (Merck, reagent grade, 
distilled from phosphorus pentoxide) was prepared in a one-
-liter three necked round bottomed flask, equipped with a 
mechanical stirrer, a reflux condenser and a pressure 
equalizing dropping funnel. A calcium chloride drying tube 
was attached to the condenser. The suspension was cooled to 
ice temperatures using an ice-salt bath. 
To this suspension 378.0 g. (1.8 moles) of trifluoro-
acetic anhydride (Minnesota Mining and Manufacturing Company) 
from a freshly opened bottle, was introduced. The addition 
required ten minutes. The cloudy solution was stirred in the 
cold for about fifteen minutes after the addition was com-
pleted and then transferred immediately to a pressure equali-
zing dropping funnel. 
The trifluoroperacetic acid, thus prepared was added 
with stirring to a mixture of 475.0 g. of anhydrous sodium 
carbonate and 112.0 g. (1.00 mole) of 1-octene, purified as 
described on page 73, dissolved in one liter of methylene 
chloride. The anhydrous sodium carbonate had been dr±ed in 
a vacuum oven at 50° for twenty-four hours before use. The 
reaction mixture was contained in a 5-liter, three-necked 
flask equipped with a dropping funnel, condenser and mechan-
ical stirrer. 
The intiroduction of the peracid was carried out at such 
a rate as to maintain moderate reflux and required about one-
-half hour. The reaction was reluxed for an additional 
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thirty minutes. At the end of that time 2.5 liters of water 
was added with stirring. The resulting emulsion was filter-
ed through Hy-flo and the aqueous layer was separated and 
extracted twice with 250-ml. portions of methylene chloride. 
The combined organic layers were evaporated to one-third 
the original volume$ and dried over anhydrous magnesium sul-
fate. The drying agent was removed by filtration and the 
remainder of the solvent was removed by distillation on a 
steam bath at atmospheric pressures. 
The praatically colorless product was distilled under 
reduced pressures from a 250-ml. flask equipped with a 
Claisen head. The following fractions were collected: 
o· o l. B.p. 33-70 (26 mm.) at bath temperatures Q7-ll0 ; 
~5 1.4178; 12.3 g.; colorless. 
2. B.p. 70-71.5°(25 mm.) at bath temperatures 110-1200; 
~5 1.4174; 87.12 g.; colorless. 
Both fractions were combined and the to~al yield of 
1,2-epoxyoctane was found to be 99.5 g., which is 77.7% of 
the ·theoretical yield. 
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F. ,9!-l-Chloro-ll-hydroxyheptadecyne-8. 
CH3 ( CH2) 5c{J-yH2 + HC•CCH2(cH2)5cH2Cl 
0 
(XLIX) (XLVIII) 
dl-CH3(cH2 )5CH{OH)CH2C:C (CH2 )7Cl 
(L) 
1~2-Epoxyoctane was combined wi~h ethynyl compounds 
according to several sets of directions. Immediately fol-
lowing is the preferred procedure in which the epoxide is 
added to the lithiumacetylide in dioxan solvent. The other 
methods which are described include the reaction of 1 1 2-
-epoxyoctane with 1-hexyne using sodamide in liquid ammonia 
and also in absolute ether. Condensation of 9-chlorononyne-
-1 with 11 2-epoxyoctane using butyllithium in absolute ether 
is also described. 
1. Recommended Procedure. 
In a 2-liter, three-necked flask 1 which had been oven 
dried and swept out with dry nitrogen and was equipped with 
a mechanical stirrer, a pressure equalizing dropping funnel, 
a water-cooled condenser and a nitrogen inlet tube, a sol-
ution of 30.00 g. (0.189 mole) of 9-chlorononyne-1 in 
630 ml. of purified dioxan was prepared. Commercial dioxan 
was refined according to a procedure described by Johnson.75 
Two kilograms of dioxan was stirred for one hour with 200 ml. 
79 
of a 50% solution of potassium hydroxide and 20 g. of pyro-
, 
gallol. The black sludge which had formed was separated 
and the dioxan was stirred ·over solid anhydrous ealcium 
chloride for one hour. The partially dry reagent was re-
fluxed for twenty-four hours with 40 g. of sodium metal until 
the sodium appeared as a bright and shining ball. 
To the dioxan solution, 175 ml. of an ethereal solu-
tion of butyllithium, prepared from butyl bromide and 
lithium exactly as described by Gilman and Morton,53 was 
added dropwise. The concentration of the butyllithium solu-
tion was found by the customary double titration method53 
to be 0.0011 mole per millimeter of solution; therefore, 
175 ml. of solution corresponded to ~1189 mole of 
butyllithium. The introduction of the organometal required 
ten minutes, during which time the reaction mixture. became 
milky in appearance and the temperature rose to approximately 
0 45 • The reaction mixture was allowed to reflux, using an 
electrically heated mantle, for one hour subsequent to the 
addition of butyllithium under an atmosphere of nitrogen. 
A solution of 38.45 g. (0.300 mole) of 1,2-epoxyoctane 
dissolved in 125 ml. of purified dioxan was added to the 
lithium acetylide all at once. The funnel was washed with 
25 ml. of dioxan, which was then added to the reaction 
flask. The mixture became yellow. It was al~owed to reflux 
under an atmosphere of nitrogen for eighteen hours. 
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At the end of the reflux period 400 ml. of solvent was 
removed by distillation at atmospheric pressure. The reac-
tion mixture was coeled at room temperature and poured over 
1000 g. of ice containing 100 ml. of glacial acetic acid. 
The deep yellow upper layer was taken up in lOOO:'.ml. of 
ether. The aqueous acid solution was extracted four times 
with 100-ml. portions of ether. The combined ether extracts 
were washed with water until the washings were pH 6$ as indi-
cated by Hydrion paper$ and dried over anhydrous sodium 
sulfate. The drying agent was removed by filtration and the 
solvent by distillation on a steam bath$ at water pump 
pressures. The crude yellow oil was distilled from a 100-ml. 
pear shaped flask 1 equipped with a Glaisen head, under the 
pressures of a mechanical oil pump. The following fractions 
were collected: 
1. B.p. 32-37°(18 mm.) at bath temperatures 95-123°; 
~5 1.4010; 5.12 g.; colorless. 
2. B.p. 57-67°(18 mm.) at bath temperatures 123-146°; 
~5 1.4182; 5.91 g.; colorless. 
3. B.p. 30-75°(0.3 mm.) at·bath temperatures 98-160°; 
n~5 1.4415; 4.70 g.; colorless. 
4. B.p. 75-165°(0.2 mm.) at bath temperatures 160-202°; 
25 . . no 1.4531; 1.11 g.; colorless. 
5. B.p. 165-166°(0.2 mm.) at bath temperatures 202-235°; 
n~5 1.4714; 36.00 g.; yellowish cast. 
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Fraction 5 was taken as the main product. The infra-
red absorption spectrum of this material showed a band at 
3401 cm.-1 due to a hydroxyl group. The presence of 
chlorine was shown by a green flame obtained when the com-
pound was heated on a piece of eopper wire over an open 
flame.76 The material was also shown to be unsaturated by 
testing with bromine in carbon tetrachloride.77 The. conden-
sation product was obtained in 66.5% yield. 
Analysis: Calculated for C17H310Cl: C 71.16 1 H 10.89 1 
Cl 12.36 
IDound: C 71.31 H 10.81 
Cl 12.5 
Fraction 2 was taken to be recovered 1,2-epoxyoctane 1 
20 43 . . 
nn 1.4193 and fraction 4 was taken to be recovered 
9-chlorononyne-1, ~5 1.4511. Fraction 3 is assumed to be 
a mixture of the epoxide and the nonyne. 
2. Other Condensation Studies. 
a. Attempted Condensation of 1-He~e with 11 2-Epoxyoctane 
Using Sodamide in Liquid Ammonia. 
To a mixture of 300 ml. of liquid ammonia (DuPont 
Anhydrous) and 0.5 g. of desiccated ferric nitrate contained 
in a 500-ml. 1 three-necked flask equipped with a dry ice-
-acetone reflux condenser, a mechanical stirrer and a drop-
ping funnel, was added 0.1 g. of sodium metal, as described 
by Schlein.78 The desiccated ferric nitrate was obtained 
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by heating hydrated ferric nitrate over an open flame until 
the water bad been driven off and brown fumes of oxides of 
nitrogen were evolved. 
The brown ammonia solution which became blue on the 
addition of the sodium, was stirred for fifteen minutes. 
At that t~e the blue color seemed to disappear. Sodium 
metal (1.6 g., freshly cut into small pieces) was added to 
the ammonia. The total amount of sodium added was 
l. 7 . g. or 0 .07 mole. · The blue mixture was ·stirred for forty-
-five minutes until it appeared that the blue color had van-
ished. After addition of a molar equivalent of 1-hexyne, 
6.07 g., in one portion, the mixture was stirred for an 
hour. The l-hexyne (received from Farchan Laboratories) was 
purified by distillation through a 10 em. Yigreux column, 
The boiling point (67-68° at 761.5 mm.) and index of refrac-
25 . 
· tion (nn 1.3967) agree favorably with the values reported 
by Henne,79 b.p. 7l~4°and n~0 1.3990. 
To the reaction mixture 9.72 g. (0.07 mole) of 1,2-
-epoxyoctane was added all at once. The dropping funnel was 
rinsed with 25 ml. of absolute ether. As the epoxide was 
added the dark brown reaction mixture became a green suspen-
sion. The mixture was stirred under reflux for four and one-
-half hours. At the end of that time 20 ml. of water was 
added dropwise at such a rate that the reflux capacity of the 
condenser was not exceeded. The dry ice condenser was replaced 
with a water jacketed·condenser and more water (80 ml .. ) was 
added to the mixture, which was allowed to stand overnight. 
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The green reaction mixture, from.which most of the 
ammonia had escaped, was extracted three times with 75-ml. 
portions of peroxide-free ether. The ether had been shaken 
with a 5% sodium thiosulfate solution immediately before use. 
'Dhe colorless ethereal extracts were combined, washed with 
water· until they were neutral to litmus, and dried over 
anhydrous sodium sulfate. The drying agent was removed by 
filtration and the ether by distillation on a steam bath 
under slightly reduced pressure. The crude yellow material 
was distilled from a l5Tml. distilling unit equipped with 
an 8 em. Vigreux column under reduced pressure supplied by 
a mechanical oil pump. A colorless liquid, b.p. 57-58° 
(12 mm.), ~5 1.4175, was the only product obtained. The 
physical constants agree favorably with those of 1.2-epoxy-
octane, b.p. 61°(15 mm.) and ~0 1.4193.43 A 73.0% 
(7.11 g.) recovery of the epoxide was obtained. 
b.- Condensation of l-Hexyne with 1 1 2-Epoxyoctane 
Using Sodamide in Absolute Ether. 
In a l-liter, three-necked flask, equipped with a mer-
cury sealed stirrer, a dropping funnel and a condenser, all 
of which had been oven-dried and swept out with dry nitrogen, 
a suspension of 4.20 g. (O.ll mole) of sodamide (prepared 
and analyzed by J. R. Sinclair to be 97.5% pure) was 
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prepared in 500 ml. of absolute ether (Baker's Analyzed). 
The ether was dried over fresh sodium wire. 
A solution of 9.02 g. (0.11 mole) of distilled 1-hexyne 
dissovled in 50 ml. of dry ether was introduced into the re-
action flask dropwise. The addition required one-half hour. 
The resulting yellowish suspension was stirred for one hour. 
Then~ a solution of 14.00 g. (0.11 mole) of 1 1 2-epoxyoctane 
in 50 ml. of dry ether was added over a period of one-half 
hour. The deep yellow reaction mixture was stirred at 
room temperatures1 under an atmosphere of nitrogen~ for 
twenty-four hours. 
The mixture was poured into 100 g. of ice containing 
10 ml. of concentrated hydrochloric acid. The yellow ether 
solution was separated and the aqueous phase was extracted 
three times with 100-ml. portions of ether. The ether ex-
tracts were combined and washed once with 50 ml. of a 5% 
solution of sodium bicarbonate and then with 50-ml. portions 
of water until the washings were neutral to litmus paper. 
The ether solution was ~ried over anpydrous sodium sulfate. 
The drying agent was removed by filtration and the ether was 
removed by distillation on a steam bath. 
The crude yellow product was distilled from a 15-ml. 
distilling unit equipped with an 8 em. Vigreux column under 
reduced pressures. The following fractions were collected: 
85 
1. B.p. 45-48°(15 mm.) at bath temperatures 80-105°; 
n£5 1.4175; 3.69 g.; colorless. 
2. B.p. 102-116°(9.5.mm.) at bath temperatures 94-177°; 
25 
nn 1.4417; 0.36 g.; colorless. 
3. B.p. 116-119°(p.5 mm.) at bath temperature 178°; 
2.51 g. 
Fraction 1 was considered to be recovered, but somewhat 
impure, 1,2-epoxyoctane. Fraction 3 separated into a solid 
and a liquid phase when allowed to stand at room temperature. 
The solid fraction, removed by filtration, showed no un-
saturation inasmuch as it did not decolorize a 5% solution 
or bromine in carbon tetrachloride. The infrared absorption 
spectrum or the solid showed no bands for a free hydroxyl 
group or for an acetylenic linkage. Analysis showed that 
the material contained 73.6% carbon, 12.4% hydrogen and.a 
trace or ~itrogen. 
The liquid phase was ~edistilled at 0.5 mm. using a 
creased test tube heated in a metal holder. No accurate 
disti~lation temperature could be obtained. The refractive 
index of the purified material was found to be nE5 1.4421. 
The material also showed no unsaturation when tested with 
a solution of bromine in carbon tetrachloride, and showed 
no hydroxyl group when tested with eerie nitrate reagent. 
The infraredsspectrum or this material did not show the 
presence of an acetylenic linkage or a hydroxyl group. 
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Analysis of the material gave 70.8% carbon~ 11.6% hydrogen 
and no nitrogen. No further work was done on the elucida-
t~on of the structures of these compounds. 
c. Condensation of 1-Hexyne with 1,2-Epoxyoctane 
Using Lithium in Refluxing Dioxan. 
CH3(cH2)3C5CH 
(LI) 
+ 
Li 
CH3 ( CH2) 5c~-7H2 
(XLIX) 0 
~-CH3(cH2 ) 5CH(OH)CH2C~C(CH2 ) 3cH3 
(LII) 
In an atmosphere of nitroge~0.70 g. (0.10 mole) of 
clean lithium wire, which had been cut into very small . 
pieces~ was added to 10 m1 .. of purified dioxan (see page 78 
for procedure) in a 500-ml., three-necked~ round-bottomed 
flask equipped with a mechanical stirrer, a reflux condenser 
and a pressure equalizing dropping funnel which had been 
oven-dried and swept out with dry nitrogen. A solution of 
8.2 g. (0.10 mole) of 1-hexyne in 10 ml. of pure dioxan was 
added dropwise to the lithium s~spension. After several 
drops were added it was necessary to apply a small amount of 
heat to initiate the reaction. The remainder of the hexyne 
solution was added over a period of one-half hour. During 
that time a gray suspension appeared. The reaction mixture 
was heated to reflux for one hour. Several pieces of lithium 
remained in the reaction mixture. Approximately 2 g. of 
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hexyne was dissolved in 5 ml. of dioxan and added dropwise. 
The suspension was refluxed for four hours. At the end of 
that time all of the lithium seemed to_have reacted and the 
mixture gave a positive test with Michler's ketone 
(see page 89). 
A solution of 19.3 g. (0.15 mole) of 1,2-epoxyoctane in 
20 ml. of dry dioxan was added dropwise to the warm reaction 
mixture. The addition required fifteen minutes.. The reac-
tion mixture was allowed to reflux and stir for fourteen hours. 
During that time the color of the suspension became deep 
yellow. At the end of the reflux period a negative test was 
obtained with Michler's ketone. The reaction mixture was 
cooled to room temperature and poured. into 200 ml. of ice and 
water, whieh contained 10 drops .of glacial aeetic acid. ~he 
organic layer was removed with the aid of 50 ml. of ether. 
The aqueous phase was extracted three times with 50-ml. 
portions of ether. The ethereal solutions were combined 
and washed twice with 50-ml. portions of water. The pH of 
the last wash was 8, when tested with Hydrion paper. The 
yellow ether extract was dried over anhydrous sodium sul-
fate. The drying agent was removed by filtration and the 
ether was removed by distillation on a steam bath, _through 
an 18 inch Vigreux column. The crude product was distilled 
from a 50-ml. distilling unit equipped with an 8 em. Vigreux 
column, under reduced pressures. The following fractions 
were collected: 
88 
1. B.p. 71-75°(27 rom.) at bath temperatures 113-141°; 
~5 1.4176; 8.22 g.; colorless. 
2. B.p. 121-123°(2.5 mm.) at bath temperatures 155-165°; 
~5 1.4553; 9.22 g.; yellowish. 
Fraction 1 was accepted as pure 1 1 2-epoxyoctane. Frae-
tion 2 was redistilled from a ~5-ml. flask equipped with a 
Claisen head 1 under reduced pressures. Only one product was 
25. 
obtained, b.p. 112-113°(1.05 mm.), nn 1.4553, which was a 
colorless1 somewhat viscous liq~id and weighed 8.55 g. 
(40.7%). This material showed unsaturation when tested with 
bromine in carbon tetrachloride and a~so showed the presence 
of a free hydroxyl group in the infrared absorption spectrum 
· at 3355 em. -1 
Analysis: Calculated for Cl4H260: C 79.93, H 12.46 
Found: C 79.9, H 12.6 
The above evidence indicates that the product is a 
hydroxy tetradecyne. A comparison of the infrared spectrum 
of the hydroxy alkyne 1 obtained under the above reaction 
conditions, with d1-8-hydroxyte-tradeoYt~ee-5 prepared using 
Reformatsky conditions, showed that both materials were the 
same. 
89 
d. Attempted Condensation·of 9-Chlorononyne-1 with 1, 
·, 2-:Epoxyoctane Using Butyllithium in Absolute Ether. 52 
A 250-ml., oven-dried, three-necked flask equipped with 
a mercury sealed stirrer, a pressure equalizing dropping 
funnel, a water-cooled condenser and a nitrogen inlet tube 
was completely swept out with dry nitrogen. A solution of 
3.12 g. (0.019 mole) of 9-chlorononyne-l was dissolved in 
50-ml. of ether dried over fresh sodium wire and distilled 
from lithium aluminum hydride directly into the reaction 
flask. The solution wa-s cooled to ice bath temperatures 
and 3.78 g. (0.030 mole) of 1,2-epoxyoctane was added drop-
wise. This addition also required one-half ho~, but the 
appearance of the reaction mixture remained the same. 
A small heterogeneous sample was removed from the 
mixture at this point to determine the presence of a carbon-
-to-metal bond by the standard color test for Grignard re-
agents.55 The sample of the organometallic material at 
room temperature was treated with an equal volume of a 1% 
solution of Michler•s ketone, 4,41-(bisdimethylamino) benzo-
phenone, in dry benzene. The reaction mixture was hydro-
lyzed by the slow addition of one ml. of water with stir-
ring. About 10 drops of a 0.2% solution of iodine in 
glacial acetic acid was added. The following results were 
obtained: 
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Sample Result 
Blank Organic layer: Yellow 
Water layer • Yellow . 
Methylmagnestimr, bromide Organic layer: Light blue 
Water layer • Light blue • 
~-Butyllithium Organic layer: Yellow 
Water l~wer • Blue . 
Reaction mixture (beginning) Organi-c layer: Green 
Water layer • Green . 
Reaction mixture (end) Organic layer: Yellow 
Water layer • Yellow • 
A green to blue color is considered. a positive test 
indicating the existence or a carbon-to-metal bond. 
The reaction mixture was allowed to warm to room tem-
perature and stirred for rifteen hours. At that time a 
negative test was obtained with Michler's ketone. To the 
reaction mixture was added 100 ml. of a solution saturated 
with respect to ammonium sulfate and sodium potassium 
tartrate. The mixture was stirred for ten minutes and the 
clear colorless ether layer was separated. The salt sol-
ution was extracted twice with 25-ml. portions of ether. 
fhe ether extracts were combined and washed once with water. 
The faintly yellow ethereal solution was dried over anhydrous 
sodium sullifate. The drying agent was removed by filtration 
and the ether was removed by distillation on a steam bath at 
atmospheric pressures. The remaining yellow liquid was 
transferred to a 10-ml. Glaisen distilling unit and distil-
led under reduced pressures. The following fractions were 
collected: 
l. B.p. to 57°(11 mm.) at bath temperatures 60-81°; 
trace; colorless. 
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0 2. B.p. 61-63 (11 mm.) at bath temperatures 85-183°j 
25 
nn 1.~185; 1.96 g.; colorless. 
0 0 3. B.p. 55-62 (1.5 mm.) at bath temperatures 105-110 ; 
~5 1.4503; 1.61 g.; colorless. 
Fraction·2 was taken to be recovered 1~2-epoxyoctane~ 
b.p. 61°(11 mm.) and refractive index~ ~5 1.4193.43 
Fraction 3 had ~hysical pvoperties which agreed favorably 
with the starting acetylide~ b.p. 104-105°(23 mm.) and 
25 . 
nn 1.~511 (see pages 70). 
e. Condensation of Heptanai with 1-B~~oheptyne-2 
CH3 ( CH2) 5cHO + 
(V) 
~rCH2CwC(CH2 ) 3cH3 
(LIII) 
£1-CH3(cH2)5cH(OH)CH2c;c(CH2)3cH3 
(LII) 
In accordance with the procedure described by Henbest~ 
Jones and Walls~ 29 4 g. (0.06 mole) of zinc metal (granular~ 
8 mesh) was treated with 20 ml. of 5% hydrochloric acid ·and 
quickly washed with water~ then with methanol. The activated 
metal was dried by first rinsing it with ether~ which had 
been dried over sodium wire~ and then I!i.ha:il!,g it with dry 
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benzene. The metal was trans~erred to the reaction ~lask 
using dry benzene. 
The reaction was carried out in an oven-dried, 300-ml., 
round-bottomed, three-necked ~lask, equipped with a water-
ecooled condenser, a mechanical stirrer and a dropping fun-
nel. The benzene was distilled ~rom the zinc metal, using 
an electrically heated mantle unt~l only a trace remained. 
A solution o~ 6.45 g. (0.056 mole) o~ heptanal (b.p. 151-
151.~0 and ~5 1.4101; reported80 b.p. l55-l55.5°and 
25 ' 
nD 1.40884) and 8.00 g. (0.056 mole) of 1-bromoheptyne-2 
dissolved in BO ml. of dry dioxan (see .page 78-·for~t~e::pro­
cedure) was added slowly and with stirring to the still 
warm zinc metal. The reaction started immediately and was 
somewhat exothermic. The 1-bromoheptyne-2, prepared by 
81 Mahadevan, was·redistilled under reduced·pressure, 
p.p. 73-73.5° at 11 mm.; n~5 1.487.3. These values agree 
with those reported by Bartlett, 82 b.p~ 88.6° at 27 mm. and 
~9-5 1.48gB. 
The addition of the reactants ~equired one-half hour, 
during which time the mixture foamed and became yellow. 
The reaction was re~luxed ~or ~i~teen minute~ a~ter the 
initial reaction had subsided. The mixture was then cooled 
to room temperature and poured over 50 g. o~ ice containing 
30 ml. o~ 10% acetic acid.. The yellow organic layer was 
separated with the aid o~ 25 ml. o~ ether and the aqueous 
phase was extracted five times with 25-ml. portions o~ ether. 
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The combined ether extracts_ were washed with water until 
pH 6~ as indicated by Hydrion paper. The ethereal solution 
was dried over anhydrous sodium sulfate·. The drying agent 
was removed by filtration and the ether was removed by dis-
tillation. A deep yellow oil remained~ which was distilled 
from a 10 ml. pear shaped distilling flask~ equippe~ with 
a .. claisen. head~ under reduced pressures. The following 
fractions were collected: 
1. B.p. tq.79° (0.6 mm.) at bath temperatures 80-126°; 
25 
nn 1.4773~ several drops; yellowish. 
2. B.p. 80-93°(0.5 mm.) at bath temperatures 126-131°; 
traee of' material. 
3. B.p. 94-98°(015 mm.) at bath temperatures 13?-138°; 
25 . 
no . 1.4613; 4.20 g.; yellow oil. 
Fraction 3 was taken as the main product, dl-8-hydroxy-
tetradecyne-5. The infrared absorption spectrum of' this 
material showed a wide band at 3311 cm.-l showing an 
allene grouping. 
G. dl-l-Iodo-ll-hydroxyheptadecyne-8. 
dl-CH3(CH2)5CH(OH)CH2C:C(CH2)7Cl 
(L) 
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Nai 
Following the general p~ocedure of Newman and Wotiz, 83 
36.00 g. (0.125 mole) of dru-l-chloro-ll-hydroxyheptadecyne-8 
was dissolved in one liter of acetone (Merck, reagent grade) 
and was heated to ~eflux. The reaction was carried out in 
a 3-liter, three-necked, round-bottomed flask equipped 
with a reflux condenser, a mechanical stirrer and ~ dropping 
funnel. A Glas-col mantle was used as the source of heat. 
A solution of 75.00 g. (0.500 mole) of sodium iodide 
(Merck, reagent grade) dissolved in 250 ml.or acetone was 
added to th~ solution of the 1-ehloro-11-hydroxy~eppadecyne-8 
with continuous stirring. The reaction mixture became yellow 
after about one-third of the addition had taken place• 
Also a white precipitate or sodium chloride begari to form at 
• I 
that time. 
The mixture was refluxed and stirred for thirty hours. 
At the end of that period the reaction mixture was cooled 
to room temperature and the precipitate was removed by fil-
tration. The sodium chloride which was recovered corresponded 
to 81.1% (5.90 g.) conversion of the chloride into the 
iodide. The acetone solution was allowed to reflux for an 
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additional fifteen hours and 0.30 g. of sodium ¢hloride 
was collected. The total conversion was then 85.0%. Re-
fluxing the solution for five hours more failed to produce 
any precipitated sodium chloride. 
The acetone was remo~ed from the crude reaction mix-
ture by di.stillation on a steam bath at atmospheric pressures. 
The last traces were removed under water pump pressures.· 
The resulting mixture o~ solid and oil was taken up in 500 
ml. of ether, washed twice with 50-ml. portions of 5% sodium 
thiosulfate solution and then .three times with water. The 
ether solution was dried over anhydrous_sodium sulfate. The 
drying agent was removed by filtration and the ether was re-
moved by distillation under reduced pressure on a steam bath. 
The crude product, dl-l-iodo.-11-hydroxyheptadecyne.-8 . 
(43.3 g.) was used without further purification, which was 
thought to be unnecess.ary and possibly unwise. The im-
purity present was the starting material, dl-le-:Obl:ore:;oll.fl'lYd.l:."pxy- · 
' . -
neptadecyne-8, which can also react with potassium cyanide 
,to ·form the nitrile, and therefore would not interfe~e in 
future reactions. Si~ple vacuum distil+ation of al-l-iodo-
-11-hydroxyheptadecyne-8 did not seam feasible, because it 
is urilikely that the compound would distil. 
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H. £!-1-Cyano-11-hydroxyheptadecyne-8. 
c~-CH3(CH2 ) 5CH(OH)CH2C•C(CH2 ) 7r] . KCN ~ 
~-cH3(cH2 ) 5ca(OH)CH2C5C(CH2 ) 7cN] 
As described by Fierz and Kuster, 84 a solution of 
16·.29 g. (0.250 mole) of potassium cyanide (Baker's Ana-
lyzed) in 304 ml. of absolute ethanol and 47 ml. of water 
was refluxed for fifteen hours ina 2-liter, three-necked, 
round-bottomed flask equipP,ed with a reflux condenser and 
a mechanical stirrer. The reaction was carried out under 
an atmosphere of nitrogen and an electrically heated mantle 
supplied the required heat. 
At the end of the reflux period, 300 ml. of alcohol 
was removed by distillation at atmospheric pressure and 
the yellow, oily product was taken up in 500 ml. of ether. 
The ether solution was washed with.water until neutral to 
litmus paper and dried over anhydrous sodium sulfate. The 
drying agent was removed by filtration and the solvent 
strippedunder reduced pressure. The nitrile (32.2 g., 
102% conversion) was hydrolyzed to ricinstearolic acid with-
out further purification. 
The aqueous washes were combined and carefully acidified, 
in a hood, with hydrochloric acid in the cold, to a pH of 1. 
No precipitate formed, indicating that none of the product 
was hydrolyzed during the formation of the nitrile. 
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I. dl-Ricinstearolic Acid. 
KOH 
dl-CH3(cH2)5CH(OH.)CH2C;C(CH2)7cooH 
(XXXIII) 
The crude dl-1-cyano-11-hydroxyheptadecyne-8 was re-
fluxed together with 250 ml. of a 20% aqueous solution of 
potassium hydroxide and 250 m1. of' ethanol. The reaction 
was performed in a 2-liter, three-necked, round-bottomed 
flask equipped with a reflux condenser and a mechanical 
stirrer, to prevent bumping of' the non-homogeneous reac-
tion mixture, and was done under an atmosphere of nitrogen, 
After seventy-two hours of reflux, ammonia vapors were no 
longer being evolved, as was indicated by testing with 
turmeric paper. 
Solvent (260 ml.) was removed from the reaction mix-
ture by distillation on a steam bath until the temperature 
of' the dist1llate reached 95:<3. The aqueous phase, after 
extractions with three 25-ml. portions of ether, was cooled 
to ice bath temperatures and carefully acidified by the 
dropwise addition of concentrated hydrochloric acid until 
the pH of the solution reached one. The white acid which 
precipitated during the acidification was extracted with 
ether. The ether solution (400 ml.) was washed with water 
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until the washings were neutral to litmus paper1 and dried 
over anhydrous sodium sulfate •. The drying agent was removed 
by filtration and the ether by distillation on a steam bath 
under reduced pressures. 
The pale yellow semi-crystalline product (27 .. 5g.), 
crystallized from 50 ml. of hexane, afforded 22.8 g. of 
white, crystalline ricinstearolic acid, m.p. 49.5-51.0°~ 
This material was further purified by recrystallization 
from 45 ml. of hexane. That recrystallization yielded 
21.86 g. of pure, white crystalline acid, m.p. 53-54°. 
Crombie and Jacklin2 report m.p. 53-53.5° for sinthetic 
dl-ricinstearolic acid. 
- . 
Analysis: Calculated for c18H32e3: C 72.92, H 10.881 
N.E. 296 
Found c 72.8, 
N.E. 295 
The percent conversion based on 0.125 mole of £!-1-
-chloro-ll-hydroxyheptadeeyne-8 is 59.0%. 
J. dl-Ricinoleic Acid. 
~-cH3(cH2 ) 5CH(OH)CH2C;C(CH2 ) 7cooH 
(XXXIII) 
99 
2!-CH3(cH2)5cH(OH)CH2CHFCH(CH2)7cooH 
(XXXIV) 
The procedure described by Crombie and Jacklin2 for 
the reduction of 2!-ricinstearolic acid to ~-ricinoleic 
acid was followed explicitly. dl-Ricinstearolic acid 
(5.00 g., 0.017 mole) was dissolved in 50 ml. of anhydrous 
methanol (Merck, reagent grade). Two and one-half grams of 
Lindlar catalyst,31 a pall~dium catalyst supported on 
calcium carbonate and which has been deactivated by lead 
acetate, and five drops of quinoline were added to the 
alcoholic solution. This mixture was stirred in an atmos-
o . 
phere of hydrogen at 27.5 and 757.3 mm. After 398 ml. of 
hydrogen had been absorbed the reaction stopped spontaneously. 
The calculated amount of hydDogen for the semi-reduction 
under the above conditions is 406 ml. The reduction was 
completed in twenty-five minutes. 
The catalyst was removed by filtration and the color-
less solution was a~idified using 30 ml. of 5% hydrochloric 
acid. The aqueous mixture was extracted four times with 
50-ml. portions of ether. The combined ether extracts were 
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washed twice with 20-ml. portions of 5% hydrochloric acid 
and then with water until the washings were neutral to 
litmus paper. The ether solution of dl-ricinoleic acid 
was dried over anhydrous sodium sulfate. The drying agent 
was removed by filtration and the ether was removed under 
reduced pressure at room temperature. A yellow oil remained 
which solidified at dry ice temperature. The crude dl-
-ricinole~c acid obtained, m.p. 9-15°, weighed 4.50 g. 
This amount corresponds to 88.9% yield. 
Table VI summarizes all of the preparations of ~­
-ricinoleic acid, following the procedure described above. 
TABLE VI 
PREPARATIONS OF ~-RICINOLEIC ACID 
Moles of dl- HvdY.OQ."An AbAn'l"'hAn Yield 
-Ricinstearolic Calculated Actual 
Aeid 
0.0072 175 ml. 174 ml. 91.3% 
0.0168 410 ml. 409 ml. 89.2% 
0.0168 405 ml. 398 ml. 87.5% 
0.0168 "406 ml. 398 ml. 88.9% ,; 
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K. Purification of dl-Ricinoleie Acid. 
---- . . 
Various methods for the purification of dl-ricinoleic 
. . 
acid were investigated, such as distillation, low tempera• 
ture cystallization from acetone, chromatography using· 
silica gel as the adsorbent and also using Norit, decoloriz-
ing charcoal, supported on Hy-flo, diatomaceous earth as the 
adsorbent. The only method which gave analytically pure 
material was the last, chromatography over decolorizing 
charcoal. 
1. Chromatography of dl-Ricinoleic Acid over 
Decolorizing Charcoal Supported on Diatomaceous Earth. 
A sample of crude dl-ricinoleic acid (227.3 mg., 0.76 
mmnTh~) was dissolved in 10 ml. of a solvent mixture contain-
ing 7 ml. of petroleum ether (Mallinekrodt, Analytical 
Reagent, b.p. 30-60°) per milliliter of anhydrous ether 
(Baker Analyzed, dried over fresh sodium wire) and placed 
on a column (i.d. 14 mm.). of 4 g. ·or a homogeneous mixture 
of Norit, decolorizing charcoal, and Hy-flo, diatomaceous 
earth. The adsorbent was prepared according to the direc-
tions of Holman and Will1ams58 by thoroughly mixing one 
part of decolorizing charcoal with two parts of diatomaceous 
earth. 
The eluate was collected in 20-ml. fractions. The 
column was eluted with two 20-ml. portions of petroleum 
ether-ether mixtures of each of the following ratios: (7:1), 
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(6:l).and(2:l). The solvent was evaporated at room tempera-
ture by means of a jet of dry nitrogen directed at the 
surface. No material was contained in any of those fracticn s. 
Pure dl-ricinoleic acid (170.7 mg.) was obtained by eluting 
the ao~umn with an 80-ml. portion of petroleum ether-ether 
(1:1), and an additional quantity (15.6 mg.) of the acid w~ 
obtained by eluting the column with ether. The combined 
fractions weighed 186.3 mg. (0.63 mmmle) and corresponded 
to 82.1% recovery of pure ~-ricinoleic acid. 
The dl-ricinoleic acid obtained had the following 
-. 
properties: 
Found Literature2 
Melting 22-24° 23-24° 
Point 
Index of 25 n~5 ·1.4703* Refraction nD 1.4702 
Neutralization 
Equivalent 298.1 298.5 
*The literature value for the index of refraction, used 
throughout the thesis, was determined using natural 
d-ricinoleic acid. The melting point is that for 
synthetic dl-ricinoleic acid. 
Found 
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dl-Ricinoleic acid exhibited hydroxyl absorption at 
3401 cm-1 (s.) and carbonyl absorption at 1715 cm-1. (s.) 
in the infrared. 
2. Chromatography of d-Ricinoleic Acid Using Silica 
Gel As The Adsorbent. 
A solution of 575 mg. (1.92 mmole) of d-ricinoleic acid, 
~5 1.4664, in 5 ml. of thiophene-free benze~e (Eastman) 
was placed on a column (i.d. 14 mm.) of 6.0 g. of silica gel 
(Davison Chemical Company, Commercial Grade, mesh size, 
200). The acid (424.2 mg.,73317%~ was removed from the 
column using chloroform after 122.8 mg. of extraneous 
material had been eluted with benzene-chloroform solvent 
pairs. The .<:d-ricinoleie acid obtained, m.p •. 10-13°, 
n~5 1.4696 was not ~nalyticallypure, m.p. 23-24° and 
n~5 1.4703~. 
3. Distillation of dl-Ricinoleic Acid. 
A sample of dl-riainoleie acid was distilled in an 
apparatus which consisted of three consecutive, glass bulbs, 
each having a capacity of about 2 ml. and which were joined 
by short, straight glass tubes. This apparatus permitted a 
retort distillation of the material fJ;'om one bulb into an< 
adjacent bullb, when the distilling bulb was heated in an 
.oil bath and the adjoining bulb remain~d at room temperature. 
The acid was found to distil when the bath temperature 
ranged from 170-173°(5 X lo-5 mm.). The boiling .point of 
., 
-'-
dl-ricinoleic acid has been reported3 to be 180-184° 
( 5 )( l0-3mm.). 
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The receiving bulb was sealed while still under vacuum 
· and the colorless sample analyzed. 
Analysis: Calculated for c18H34o3: 
Found: 
C 72.4~ H 11.5 
C 72.9~ H Ill.4 
C 73.1~ H 11~4 
The refractive index of the dl-ricinoleic acid~ 
necessarily determined three days after its preparation~ 
. 25 2 25 
was found to be low (nn 1.4667; reported· nD 1.4703). 
4. Low Temperature Crystallization of dl-Ric~nmllie~c 
Acid.18 
Crude dl-ricinoleic acid (4.30 g., 0.0144 mole) was 
dissolved in 10 ml. of acetone (Merck, reagent grade) in 
a filter tube. The tube consisted of a 50-ml., conical 
flask, the bottom of which was built in the form of a sintered 
glass funnel. The stem of the funnel was jacketed by 
glass tubing which had an outlet, so that suction could be 
applied. The outer glass tubing was also equipped with a 
standard taper (14/20) joint permitting a small replacable 
flask to be attached~ which served as a filter flask. The 
yellow sultion was cooled to -20°.under an atmosphere of 
nitrogen. At that temperature a trace of precipitate 
formed, which·was removed by filtration under nitrogen. 
The yellow filtrate was then transferred to another filter 
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tube and cooled to -70° in a dry ice-acetone bath. A 
copious, faintly yellow precipitate formed. Filtration of 
the crystallization mixture yielded the wet acid. The 
solvent was further removed by warming the syrupy material 
in a water bath, kept bel.ow 60°, under reduced pressures. 
The dl-ricinoleic acid recovered (3.80 g., 0.0127 mole) was 
not pure, ngs 1.4675 and m.p. 16-19.5° (reported values: 2 
n~5 1.4703,m.p. 23-24°). 
After two further recrystalliaations, following the 
same procedure, the sample of dl-ricinoleic acid, m.p. 18-19.5°, 
nE5 1.4681, was not of acceptable purity (reported:2 
m.p. 23-24°, ni5 1.4703). 
I 
L. _g_-Ricinoleic Acid. 
Lithium d-ricinoleate (5.00 g., m.p. 181-182.5°, 
received from Baker Castor Oil Company) was vigorously 
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shaken for fifteen minutes with 50 ml. of an ice cold 
solution of 5% hydrochloric acid and 50 ml. of ether. At 
the end of that time the suspended white powder appeared to 
have reacted and the ether layer was separated. The· aqueous 
acid phase was extracted twice more with 25-ml. portions of 
ether. The combined ether extracts were washed with water 
until t~e washings were neutral to litmus paper. The pale 
yellow solution was dried over anhydrous sodium sulfate. 
The drying agent was removed by filtration and the ether was 
removed under reduced pressures at room temperature. The 
25 
residual yellow oil, m.p. 4-8°, nn 1.4673, weighed 4.19 g. 
(87.5%). 
A sample (323.0 mg., 1.09 mmoie) of the crude £-ricin-
oleic acid was chromatographed on 4.0 g. of Norit supported 
on Hy-flo, exactly as described on pagelOL. Pure d-ricin-
25 . 0 
oleic acid, nn 1.4698, m.p. 20-22 and N.E. 298.8, was 
obtained in 76.~% yield (246.8 mg.) • ~-Ricinoleic acid 
exhibited hydroxyl absorption at 3401 cm-1. (s.) and 
carbonyl absorption at 1715 cm-1 • (s.) in the infrared. 
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M. Characterization of ~-Ricinoleic Aci4. 
dl-Ricinoleic acid was smoothly converted to methyl 
dl-ricinoleate, which was shown to have the same properties 
as natural methyl £-ricinoleate. Reduction of the double 
bond yielded methyl dl-12-hydroxystearate. 
1. Methyl dl-Ricinoleate. 
~-cH3(cH2 ) 5cH(OH)CH2CH=CH(CH2 ) 7cooH 
(XXXIV) 
~-cH3(cH2 ) 5CH(OH)CH2CH:CH(CH2 ) 7coocH3 
(LIV) 
To 1.00 g. (0.003 mole) of crude ~-ricinoleic acid, 
~5 1.4676, dissolved in 50 ml. of ether, an exce~s of a 
distilled ethereal solution of diazomethane (prepared from 
N-methyl-N-nitrosourea, according to the procedure O.escribed 
in Organic Syntheses85) was added slowly at ice temperature. 
The yellow ethereal solution was swirled gently and allowed 
to stand at room temperature pvernight. At the end of that 
time a drop of acetic acid was -added to the reaction mixture, 
to destroy any residual diazomethane. The ether solution 
was washed three times with 20-ml. pprtions of water and 
dried over anhydrous sodium sulfate. 
The:/ drying agent was removed by filtration and the 
ether was removed by distillation on a steam bath under 
water pump .pressures. The yellow product was distilled in 
a ereased tube at 0.01 mm. and at a bath temperature of 
155.-157 ~ The yellow distillate" ~5 1;4610" weighed 
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0.994 g. A second distillation of the methyl ~-rieinoleate, 
using the same teebnique" gave 0.751 g. of pure, eolorless 
25 . 
product, no 1.4608, which distilled at 0.02 mm. at bath 
temperatures of 170-173°. 
An analytically pure sample of methyl dl-ricinoleate 
was obtained after a.third distillation. The colorless 
ester (0.595 g.) distilled at 0.02 mm. and at bath 
temperatures of 164-166°, and had a refractive index of 
~5 1.4603. A sample of natural methyl d-ricinoaeate 
(received from Baker Castor Oil Company) distill~d at 0.02 
nun. and at.bath temperatures 161-164°, and had a refractive 
index, of~!' 1.4602 (reported: ~0 1.462818). The infrared 
spectra of both the natural and synthetic materials showed 
hydroxyl absorption at 3448 cm-1. and carbonyl absorption 
at 1745 cm-1 • due to the ester grouping, and were super-
posable within the limdts of the machine. 
Analysis: Calculated for c19H36o3 : c 13.0, H 11.6 
Found: c 12.9, H 11.5 
2. Methyl dl-12-Hydroxystearate. 
dl-CH3(CH2)5CH(OH)CH2CH:CH(CH2)7COOCH3 
H2 
~. 
(LIV) Pt 
dl-CH3(CH2)5CH(OH)(CH2)IoCOOCH3 
(LV) 
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Following the procedure described by Straus, Heinze 
86 and Salzman, .. 1.77 g. (o.oo6 mole) of methyl ,9!-ricinoleate, 
~5 1.4612, was disso~ved in 25 ml. of glacial acetic acid 
(Baker Analyzed). The catalyst, platinum oxide (0120 g.), was 
added and the mixture was stirred in an atmosphere of hydro-
gen at 27.0° and 764.5 mm. After 182 ml. of hydrogen had 
been absorbed the reaction stopped. The calculated amount 
of hydrogen under the above conditions is 139 ml. for the 
reduction of methyl ~-ricinoleate and 43.2 ml. for the re-
duction of the catalyst. The total amount of hydrogen re-
quired is, therefore, 182 ml. The reduction was completed 
within twenty-five minutes. 
The catalyst was removed by filtration and the glacial 
acetic acid was removed under reduced pressure at room 
temperature. The semi-solid residue was taken up in 50 ~1. 
of ether and ~he last traces of acid were removed by washing 
with 20-ml. portions of water until the washings were 
neutral to litmus paper. The colorless ethe-real aolution!::-
was dried over anhydrous sodium sulfate. The drying agent 
was removed by filtration a~d the ether was removed under 
reduced pressures at room temperature. 
The crystalline residue (1.50 g., 80.6%, m.p. 53-53.5°) 
was recrystallized from acetone. The recovered methyl 
dl-12-hydroxystearate, 1.37 g., m.p. 55-55.5°, was re-
crystallized twice more. However, the melting point re-
mained constant. Methyl ~-12-hydroxystearate has been 
llO 
reported to have the following melting points, 50-51°60 and 
53.4-53.6°61 • 
Found: C 72.4, H 12.3 
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N. 7-Bromoheptanoic Acid. 
r 
,) H2so5 
.HBr Q=o or [o~o] • BrCH2(cH2)5cOOH CF3co3H 
(LVI) (LVII) 
Peroxidative cleavage of cycloheptanone followed by 
treatment with hydrobromic acid should give 7-bromohep-
tanoic acid. Use of both persulfuric acid64 and tri-
fluoroperacetic acid67 did give the desired product but 
only in low yield. 
1. The Treatment of Cycloheptanone with Persulfuric 
Acid Followed by Hydrobromic Acid. 
The directions of Jeger and Buchi64 were followed. 
To a cold solution of 47 ml. of water in 130 ml. of con-
centrated sulfuric acid~ 91.7 g. (0.340 mole) of potassium 
persulfate (Baker's Analyzed) was added with vigorous 
stirring. A 1-liter~ three-necked flask equipped with a 
mechanical stirrer, a low temperature thermometer and a 
dropping funnel was used. The temperature of the reaction 
was maintained at approximately -7° by the use of an ice-
-salt bath, which was kept between -10° and -15°. Absolute 
ethanol (170 ml.) was added to the reaction mixture~ heat 
being evolved during the process. The mixture was again 
cooled to -7° and a solution of 22.4 g. (0.20 mole) of 
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cycloheptanone b.p. 71° (19 mm.) and n~5 1.4592; reported87 
b.p. 71° (19 mm.) and ~5 1.4635 in 50 ml. of ethanol was 
added dropwise over a period of two hours. During this 
time the reaction temperature was not permitted to rise 
· above -7°. The reaction mixture was sti_rred for twenty-
o ff.our hours at -7 • This temperature was maintained by the 
use of a well insulated ice-salp bath. During this period 
a light# white precipitate formed. 
The reaction mixture was poured into 1.5 liters of a 
solution saturated with respect to ammonium sulfate, and 
was continuously extracted with ether for seventeen hours. 
'fhe yellow ether solution was dried over anhydrous sodium 
sulfate. The drying agent was removed by filtration and 
the ether was removed under reduced pressure on a steam 
bath. A crude brown material weighing 17.0 g. was obtained 
and was.assumed to be the lactone of 7-hydroxyheptanoic 
acid, because there was no band present in the infrared in 
-1 
the region 3650-3590 em • A band in this region would have 
indicated the presence of a free hydroxyl group. An absorp-
tion band at 1707 cm-1 • indicated that the lactone was con-
taminated by the starting material, cycloheptanone. 
The crude lactone was added to a ·mixture of g6 ml. of 
48% hydrobromic acid in 44 ml. of water and 33 ml. of con-
centrated sulfuric acid, which had been cooled to 0° using 
and ice-salt babh. The reaction was carried out in a 
500 ml. round-bottomed flask. The lactone was added all at 
113 
once at ice temperature. The reaction mixture was allowed 
to stand at room temperature for eighteen hours 1 during 
which time a deep·brown color developed. The flask was then 
heated on a steam bath for four hours and then was allowed 
to· cool to room temperature. The contents were poured into 
500 ml. of a saturated solution of ammonium sulfate. 
The brown organic layer was taken up in 100 ml. of 
ether and separated. The salt solution was extracted three 
times with 50-ml. portions of a 5% sodium hydroxide solution. 
The basic extracts were washed twice with 50-ml. portions ~ 
ether and poured into 15 ml. of concentrated hydrochdb~~c2 
acid in 50 g. of ice. An oily o!tganic layer was separated 
and the aqueous solution was extracted threettimes with 
50-ml. portions of ether. The yellow e~hereal solution 
was dried over anhydrous. sodium s~lfate. The drying agent 
was removed by filtration and the ether by distillation on 
a steam bath, under reduced pressure. The crude yield of 
the brown, somewhat viscous oil was 11.5 g • 
. The 7-bromoheptanoic acid was distilled from a 15 ml. 
distilling unit equipped with a 10 em. Vigreux column, under 
reduced pressure. A mechanical pump was us~d. The distil-
late, all of which boiled at 152°. (5 mm.), weighed 5.48 g., 
(13.0% yield). The boiling point of 7-bromoheptanoic acid 
is reported88 as 165-167° (12 mm.). 
In an attempt to obtain better yields of the bromo 
acid the above procedure was modified slightly in a 
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subsequent preparation. After the addition of 22.4 g. 
(0.20 mole) of cycloheptanone to. a cold alcoholic suspen-
sion of Caro's acid prepared exactly as described above, the 
mixture was allowed to stir at ice temperaturef'for tl'TO hours. 
The ice bath was removed and the reaction mixture was stirred 
at room temperature for seventy-two hours. During this time 
the mixture app~ared to become less turbid. Periodically 
aliquots were removed and tested for the presence of cyclo-
heptanone.using 2 1 4-dinitrophenylhydrazine reag~nt, as 
described by Shriner ~nd Fuson.89 In every case a positive 
test was obtained. The remainder of the preparation was 
carried out as already described. Distillation of the crude 
' . . 0 bromo acid gave 11.62 g. of the pure acid, b.p. ·107-109 
(0.35 mm.). This corresponds to a 27.8% yi~ld. 
2. The Treatment of Cycloheptanone with Trifiliuoroper-
acetic Acid Followed by Hydrobromic Acid. 
The method of Emmons and Lucas67 was used without 
modification for the oxidative step. In a 1-liter flask 
equipped with a mechanical stirrer1 a condenser and calcium 
chloride drying tube, and a dropping funnel 1 a suspension 
of 8.2 ml. (0.30 mole) of 90% hydrogen peroxide (a gift fram 
Becco Chemical Division1 Food Machinery and Chemical Corpo-
ration) in 50 ml. of methylene chloride (Merck reagent grade 1 
distilled from phosphorus pentoxide) was prepared and cooled 
to ice bath' temperature. To this suspension 51 ml. (0.36 mole) 
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of trifluoroacetic anhydride (Minnesota Mining and Manufac-
turing Co.)~ from a freshly opened bottle was added slowly 
with continuous stirring. The cloudy solution was stxrred 
in the cold for fifteen minutes after the addition was com-
plete and was then transferred to a dropping funnel p~ovided 
with a pressure equalizer. 
The trifluoroacetic peraeid solution was added with 
stirring to a mixture of 130 g. of sodium dihydrogen phosphate~ 
which had been dried in a vacuum oven for twenty-four hours~ 
150 ml. of methylene chloride and 22.4.g. (0.20 mole) of 
distilled cycloheptanone. Addition of the peracid required 
thirty minutes. The reaction mixture remained undisturbed 
during the first half of the addition and then reacted 
vigorously enough to flood the condenser. After the addi-
tion was complete bhe white suspension was heated under re-
flux for thirty minutes. 
The reaction mixture was cooled to room temperature 
and the insoluble, inorganic salts were removed by filtra-
tion. The salts were triturated three times with 100-ml. 
portions of methylene chloride. The oolorles~ organic 
solutions were combined, washed once with 25 ml. of a 10% 
sodium carbonate solution and dried over anpW£ivoRsr:imggnes11nm 
sulfate. The drying agent was removed by filtration and 
the solvent by distillation on a steam bath, using reduced 
\ 
pressures to remove the last traces. 
The crude reaction product was added in one portion to 
116 
a mixture or 96 ml. or 48% hydrobromic acid in 33 m1. of 
concentrated sulfuric acid at ice temperature, and treated 
exactly as described in the previous experiments. The brown, 
crude product was distilled from a 25 ~. pear shaped flask, 
equipped with a Claisen head under reduced pressure, using 
a mechanical pump; Only one traction was collected, 
b.p. 129-130° (0.5 mm.) which had a yellowish col.or and 
weighed 4.78 g. This corresponds to 10.5% of the calculated 
amount of 7-bromoheptanoic acid. 
PART II 
THE PYROLYSIS OF METHYL dl-12-METHYLR'ICINOLEATE 
SECTION VI 
INTRODUCTION 
Heptaldehyde and undecylenic acid are produced when 
ricinoleic acid undergoes thermal cleavage. 
CH3 (cH2 ) 5cH(OH)CH2CH~CH(CH2 ) 7cooH. 
~A . 
(I) 
CH3(cH2)5c!iO + CH2;CH(CH2)aCOOH 
(V) (VI) 
How these products are generated is not immediately 
obVious. The work described below has been undertaken to 
furnish information for the clarification of this problem. 
The present-research is limited in scope to examination 
of the pyrolysis of a structurally related material. 
The ultimate goal of the program is to establish a satis-
factory mechanism for the 1ihe.F.mal degradation of ricinoleic 
acid. 
In the course of this research methyl 3!-12-methyl-
ricinoleate (L~II) was prepared and subjected to pyrolysis. 
The degradation products, identified as 2-octanone (LXXIX) 
and methyl undecylenate (LXXX), correspond to the products 
obtained form the pyrolysis of methyl ricinoleate. 
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(LXXVIII) 
+ 
(LXXIX) 
CH2•CH(CH2)8COOCH3 
(LXXX) 
Assuming that the thermal degradation of methyl ricinoleate 
and methyl 12-methylricinoleate follow the same course 1 
the conclusion is possible that the C-12 hydrogen atom 
in the ricinoleate is not involved in the pyrolysis 
process. 
Another intriguing phase of.rieinoleie acid chemistry 
is the formation of sebacic acid (III) and 2-oatanol (IV) 
when ricinoleic acid is fused with alkali. 
CH3(cH2)5cH(OH)CH2CH:CH(CH2)7coOH 
HOOC( CH2)aCOOH 
(III) 
! NaOB 
+ CH3(CH2)5CH(OH)CH3 
(IV) 
However1 no work has been undertaken on this reaction. 
(I) 
SECTION VII 
METHODS FOR PY.ROLYZING RICINOLEIC ACID AND RELATED COMPOUNDS 
The formation of heptaldehyde and undecylenic acid by 
pyrolytie processes is possible and often superior if a 
derivative of ricinoleic acid is employed in place of the 
free acid.9° Generally, the methyl ester is used; however, 
pyrolysis of any ester formed from a monohydric alcohol 
containing less than six carbon atoms has been reported to 
be suecessful.9l Also, castor oil undergoes thermal 
degradation, but the products are generally obtained in 
lower yield than if pure esters of ricinoleic acid are 
pyrolyzed. It should be pointed out that when easter oil 
is pyrolyzed the triglyceride is assumed92 first to split 
off glycerin in the form of acrolein, and then the result-
ing products are pyrolyzed. 
Pyrolysis of the esters of ricinoleic acid do not 
yield undecylenic acid directly, but rather the ester 
corresponding to the starting ricinoleate. For example, 
methyl ricinoleate yields methyl undecylenate. Heptal-
dehyde is obtained regardless of whether an ester or free 
ricinoleic acid is pyrolyzed. 
Thermal degradation of ricinoleates can be achieved 
by various methods ranging from flash distillations at 
atmospheric pressures to distillation in vacuo. The 
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vacuum distillation of ricinoleic acid was described first 
by Krafft in 1877.93' He claimed to have obtained by this 
method the products heptaldehyde and undecylenic acid in 
better yields than when the distillation was carried out 
at atmospheric pressures. Barbo·t94 found that the optimum 
conditions for the pyrolysis of castor oil were distilla-
o 
tion at 300 (12-13 mm.). FiVe hundred grams or the oil 1 
under these conditions 1 required only fifteen minu~es for 
pyrolysis and yielded 23% by weight of heptaldehyde and 
13.2% of undecylenic acid. If'castor oil contains 80% by 
weight of ricinoleic acid, then the theoretical yield of 
heptaldehyde would correspond to 29% of the ~eight of the 
oil. 
Distillation-under reduced pressures bas been used and 
modified extensively. Fanto95 claims that the best condi-
tions for the pyrolysis of castor oil are temperatures 
above 3oo0 and pressures between 30 and 40 millimeters or 
96 -
mercury. Bruson and Robinson have patented a method ror 
degrading raw castor oil by des~ructive distillation ~ 
0 
vacuo at 300-340 using an acidic resin such as ester gum 
as catalyst. 
· Haller90 obtained heptanal in 62% yield and 40% of the 
theoretical quantity of methyl undecylenate when methyl 
ricinoleate was pyrolyzed by merely distilling it under 
normal pressures. Pyrolysis of ethyl ricinoleate produced 
the products, but in slightly lower yield. 
.121 
Passage of methyl ricinoleate through a hot glass tube 
(length, 50 em.; inner diameter, 3 em.) packed with alternate 
layers of glass rings and glass wool or pumice coated with 
sodium borate or sodium phosphate, also has been shown to 
yteld heptaldehyde and methyl undecylenate.97 The best re-
sults have been obtained if the temperature of the tube is 
maintained between 550° and 6oo0 , although thermal degrada-
tion does take place as low as.350° under these conditions. 
Pyrolysis of methyl ricinoleate also has been accomplished 
by passing the ester through a copper tube (length 11J.~ mm., 
diameter Jh5 mm.) at 550° (360° mm.). Theeentrance velocity 
was maintained at two kilograms an hour, and the yield of 
heptaldehyde was reported to range from 25 to 28%.98 
More recently, thermal degradation of ricinoleates has 
been achieved by brin~ing the ester in contact with molten 
metals or quartz sand.99"100 Molten lead,100 stainless 
stee191 and quartz99 have been reported to be extremely 
satisfactory; however, most metals with the exception of 
mercury, alkali metals and alkaline earth metals ean be 
used. Fused salts cannot be used. The reaction ean be car-
ried out by the flash distillation of the ricinoleate from 
0 0 
the metal which is maintained from 400 to 650 or by 
passage through a quartz tube (length, 150 mm.; inner diam-
eter, 30 mm.) which is standing in molten metal. The re-
ported rates at which the ricinoleic ester should be 
introduced into the reaction vessel vary from slow to fast; 
however~ it is generally agreed that the heptaldehyde and 
undecylenic acid~ or derivative~ formed should be removed 
from the reaction site as rapidly as possible. This aids 
in reducing any further decomposition o:f the pyrolysis 
products, and thereby helps~ improve th~ yields. 
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In the present work, in which two methods were invest-
igated~ it was :found to be more satisfactory to pyrolyze 
both methyl ric~noleate and methyl dl-12-methylricinoleate 
by distillation at 9rdinary pressures~ rather than by flash 
distillation from a molten lead surface. 
SECTION VIII 
POSTULATED MECHANISMS FOR THE PYROLYSIS OF RICINOLEIC ACID 
Heptaldehyde was rirst observed by Bussy in 1827101 to 
be formed when castor oil undergoes thermal decomposition. 
. . 
Fifty years later Krafft93 identified the major constitu-
ents rrom the pyrolysis or ricinoleic acid~ rather than the 
glyceride~ as undecylenic acid and heptaldehyde. It was 
these facts which led Krafft to postulate 12-hydroxy-
octadecen-10-oic acid as the structure of ricinoleic acid·. 
. l . . 
Goldsobel. revised the above structure to that which is now 
known to be correct~ 12-hydroxyoctadecen-9-oic aeid. In 
order to accommodate his proposed structure Goldsobel con-
cluded that 9-undecylenic acid was formed by the thErmal 
degradation of ricinoleic acid, rather than 10-undecylenic 
acid. However,·the formation or 10-undecylenic acid was 
proven independentlyby several workers.102~1°3~104 
4 . 
Barbot9 suggested that ricinoleic acid can exist in 
isomeric rorms; for ~xample~ the normal state having the 
double bond at C-9, but under the conditions of thermal 
. . 
degradation a hydrogen atom mdgrating to form 12~hydroxy­
octadecen-l0-oic acid. Cleavage takes place.then, when 
ricinoleic acid is th the second rorm. ~is type or hydro-
gen shift Barbot compares with reactions of carbonyls which 
proceed through enolization. He ~~te~3 the inconsistency 
of the optical rotation of ricinoleic acid as support for 
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the existence of two isomers. ·However~ the consistency of 
this property depends on the purity of tbe sample examined~ 
and it has been reported7 that natural ricinoleic acid has 
not yet been prepared in the pure state. Also following 
the theory that ricinoleic acid exists in two isomeric forms~ 
Panutine~ in 1928,105 investigated the decomposition of 
methyl ricinoleate,intea:-rupting the reaction before comple-
tion and investigating the residue. It was hoped that both 
isomers could be isolated, but instead the residue was found 
to contain unaltered starting material •. From this study no 
conclusions could be drawn concerning the reaction mechanism. 
In:.:S}lf.tt'l3 of 'the lack of evidence, the existence of ricinoleic 
acid in isomeric forms was still supported. 
Attention was then drawn to other classes of compounds 
l 
containing a hydroxyl group beta to an unsaturated center~ 
i.e. vinyl acetic acids, ~-hydroxycarbonyl compounds. 
"" 
Pyrolytic setssion of such compounds yield rearranged pr~~­
d~~t~which· could also be explained by preliminary migration 
of a hydrogen atom, thus shifting th~ unsaturation. 
I I I 
-C-C-C=rY 
I I HO 
l 2 3 4 
Y : 0 1 0 1 N. 
l 2 3 4 
However, it was realized that the Ol-enol could not 
be formed if C-2 (shown in the above equation) was 
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disubstituted. Investigation of compounds containing a 
quanernary carbon atom adjacent to the unsaturated center# 
showed that disubstitution on G-2 does not hinder thermal 
degradation, nor are rearrangement products obtained. 
Therefore, it must be concluded that isomerization of the 
double bond as a discreet step before cleavage, is not 
obligatory. 
Realizing this drawback in his original mechanism, 
Barbot94 postulated that a 1,3-epoxide may form as a reac-
tion intermediate. The expected products would form if 
cleavage takes place in the manner indicated by the solid 
arrow. 
The postulation of this epoxide intermediate corrected 
the glaring disadvantage of the previously' proposed mechanism. 
Disubstitution of C-2 can not affect the course of the reac-
tion. Barbot also found that small quantities of the 
monoaldehyde of sebacic acid and 1-oetene were obtained when 
ricinoleic acid was pyrolyzed. Formation of these secondary 
products, arises from cleavage of the epoxide, as indicated 
by the broken arrow, and lends strength to the postulated 
1,3-epoxide intermediate. 
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In an effort to validate the formation of a 1,3-epoxide, 
Barbot94 studied the therm8.1l stability and the pyrolytic 
cleavage of simple epoxides. 1,3-Epoxy-3-ethylpentane 
(LXXXI), for example was found to yield products analogous 
to those obtained from ricinoleic acid. 
A ( CH3cH2 ) 2cmO + CH2.cH2 
(CH3cH2 ) 2C:CH2~ HCHO 
Thescleavage was accompl~shed by passing the oxide through 
·a glass tube heated to 450° •. After pyrolysis 1,-3-epoxy-
-3-ethylpentane (LXXXI) was recovered unaltered, from the 
residue, verifying the thermal sta~ility of the four-membered 
epoxide ring~ 
The formation of a 1,3-epoxide may not actually occur 
in the course of the reaction, but it is Barbot's contention 
that the atoms are arranged in space in the form of the 
oxide. As ~ result, a steric isomer, represented by formula 
· LXXXII is suggested for an intermediate in the pyrolysis of 
~-hydroxy ethylenes. 
/CH2"" 
R-CH .CHl:'!CH-R1 
""' ..... ! 0·~·::: .......... :8: 
(LXXXII) 
Qualitatively# this intermediate was shown to be 
permissible; however, it was not possible to show why 
taermal cleavage of ricinoleic acid should take place to 
give predominantly heptaldehyde and undecylenic acid, 
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rather than the isomeric products, sebacic monoaldehyde and 
1-oetene. A more severe criticism of the epoxide intermedi-
ate shown (LXXXII), is the strain set up in the formation of 
two adjacent four-membered rings, even in the transition 
state. Also, from an examination of molecular models it 
does not seem likely that the proposed epoxide could form •. 
Isikawa106 and Arnold,107 in a study of quasi ring 
formation, suggested that ·the itt!ana~±on complex formed 
. 
during the pyrolysis of ricinoleic acid was the quasi six-
-membered ring shown below, rather than the epoxide postu-
lated by Barbot. 
(LXXXIII) 
A study of molecular models shows that steric hindrance does 
not prohibit the formation of a six-membered ring. An intra-
molecular, concerted shift of electrons could lead to the 
products directly. This type of 11 intermediatett removes the 
ambiguity regarding where cleavage takes place, which was 
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encountered in the postulated 1,3-epoxide. 
Thermal cleavage of other ~ , r( -unsaturated compounds 
has been investigated and shown to proceed through th~ 
formation of ncyclic intermediates". Barton and Brooks108 
-showed that thermal decarboxylation of_ e> , '"""( -unsaturated 
acids proceeds through a quasi six-membere~ ring •. The 
intermediate was established using ~ ,\ · : -~ , e. -dienoic 
acids• According to the suggested ionic mechanism a con-
juga ted diene would be formed as shown below. 
-- ·- -- H+ 
)C=C-CmC-C-COOH ; @H-d-CmC-C-COO~ 
. t 0 
r, -t-.c\· /,1' &! ,, 
t_8-CmC-C-C-C -0~. 
Howe_ver, the product was a skipped diene and is ex-
plained by the foll~Wing reaction path. 
Further support for this cyclic ninterniediaten is 
obtained from a pyrolysis study by Arnold, Elmer and 
Dodson.109 These workers showed that although 2~2-dimethyl­
-3-pentene-1,5-dioic acid (LXXXIV) undergoes thermal degrada-
tion readily with a shift of the double bond, the corres-
ponding cJ.., f> -unsaturated monoacid, ;.,.j-;IJ.-dimethylpent-2-
-enoie acid (LXXXV), which ean not form the postulated 
intermediate, underwent no change, even after heating at 
300° for five hours. 
A 
> 
(LXXXIV) 
(LXXXV) 
HOOC-9mC ·~ 
H··· ··c( CH ) 
. . .. 3 2 . . 
. . 
··o=c ·· 
\\ 
0 
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It is of interest to note that thermal decomposition 
of ~-acyl aldoximes, which can also assume the ·form of 
six-membered rings, has been shown by Brady and Sharawyl10 
to pr~ceed almost quantitatively to form the nitrile 
(LXXXVI) and the acid (LXXXVII). 
(LXXXVI) 
H, 
0 
+ \ 
C-R 
0# 
(LXXXVII) 
No evidence was obtained for homolytic fission and the 
rate constant did not vary with acid catalysis. A kinetic 
study also showed that the pyrolysis was first order. 
However, a similar investigation of the thermal deg~adation 
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of the corresponding anti-aldoxime 1 in which stereochemical 
considerations bar hydrogen bonding of the above type 1 
showed that the reaction proceeded very slowly and moreover~ 
was definitely catalyzed by the pre-addition of acid1 indicating 
an ionic mechanism. 
Numerous examples of pyrolyses are given by Arnold107 
which can be interpreted most satisfactorily by the form-
ation of quasi six-membered ring uintermediate 11 • This 
mechanism, however, does not account for the production of 
1-octene and sebacic monoaldehyde, which Barbot94 claims to 
have isolated in small quantities from the thermal degrada-
tion of ricinoleic acid. A reinvestigation of Barbot 1 s 
experimental work, therefore, is suggested. But, it seems 
likely, after a careful examination of the above information, 
that the pyrolysis of ricinoleic acid, and also that of 
other f3, / -unsaturated alcohols proceeds through a quasi 
six-membered transition complex. 
SECTION IX 
PROPOSED PLAN FOR THE RESEARCH 
In order to substantiate the formation of a quasi 
six-membered ring as an intermediate in th~ pyrolysis of 
ricinoleic acid~ a series of selected compounds should be 
subjected to the reaction. ·It would be of the utmost 
interest to pyrolyzericinoleic acid containing labeled 
hydrogen. A study of the reaction kinetics and the effect 
of th: catalysis on the reaction is also in orqer. Sev-
eral derivatives of ricinoleic acid, some of which could 
not form a ring transition stat~, should be subjected to 
the conditions employed for the thei'm.al degradation of 
ricinoleic acid. 
To be more specific about the points mentioned above, 
the hydrogen of the hydroxyl group in ricinoleic acid 
should be replaced by deuterium. If the hypothesis of the 
formation of a six-membered ring during the p~olysis is 
correct, then the 10-undecylenie acid formed should con-
tain deuterium at C-9. The isolation of this deuterated 
acid would establish the reduction .of C-9 in ricinoleic 
acid by the hydrogen of the alcohol group and lend a great 
deal of support to the transitory ring intermediate. 
CH3(cH2)5cHCH2CH::CH(CH2)7COOH 
. ' . 
OD l ~ 
CH3(cH2 ) 5CHO + CH2::CHCHD(CH2 )7coOH 
(v) 
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(LXXXVIII) 
(LXXXIX) 
It would not be necessary to replace the hydrogen at 
C-12 with deuterium~ because it has been shown in the present 
work that this hydrogen is not involved in the pyrolysis 
process. This fact was demonstrated by replacing thei·hydro-
gen with a methyl group. Thermal degradation of methyl ~­
-12-methylricinoleate yielded 2-octanone (LXXIX) and methyl 
undecylenate (LXXX). 
(LXXVIII) 
(LXXIX) (LXXX) 
The proposed mechanism suggests that the process be of 
the first order. Therefore, it would be advantageous to 
study the kinetics or the reaction. The effect or acid 
catalysis on the reaction rate should be investigated also. 
It should be noted that Robinson and Bruson96 report that 
higher yields of heptaldehyde and undecylenic acid are 
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obtained when castor oil is pyrolyzed in the presence of an 
acidic resin. This indicates that pyrolysis may occur by 
an acid catalyzed reaction as well as a non-acid catalyzed 
reaction. The following mechanism can be proposed for the 
acid catalyzed process. 
OH 
R=bH-CH2~dH-CH2-R 
t 
Likewise, the effect of free radical catalysis on the 
kinetics should be observed. 
Examination of 12-hydroxyoctadec-10-enoic acid would 
be valuable pecause in this compound it is not possible to 
form a six-membered ring. Consequently, if pyrolysis does 
yake place, the products probably would not be heptaldehyde 
and undecylenic acid. It would be still more interesting 
and worthwhile to pyrolyze 12-.hydroxyoctadec...;7 ,9-dienoie 
acid (XC). 
CH3(CJl.2)5CHO 
(V) 
+ CH2mCHCH2CH=CH(CH2 ) 5coOH 
(XCI) 
(XC) 
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In this case the skipped dienoic acid (XCI) would be formed 
rather than the more stable conjugated acid. 
It is possible to extend this list of compounds; how-
ever~ the results obtained from the program listed above~ 
it is hoped~ will either disprove the formation of a quasi 
six-membered ring as a reaction intermediate~ or will furnish 
experimental evidence in favor of its existence. 
SECTION X 
THE PRESENT RESEARCH 
A. Plan of the Research. 
To initiate the research just proposed, methyl dl-
.-
-12-methylricinoleate (LXXVIII) was synthesized and subjected 
to pyrolysis. This compound is different from methyl ricin-
oleate only in as much as the alcohol group is tertiary, 
rather than secondary, as it is in the natural ricinoleates. 
By investigating this compound it was possible to evaluate 
the influence, if any, of the C-12 hydrogen on the course 
of pyrolytic cleavage. Substituents attached to the alcohol 
carbon of the (3 -hydroxy ethylene system should have no 
effect on the course of the reaction if the proposed 
mechanism is valid. 
Methyl dl-12-methylricinoleate was synthesized from 
a mixture of crude fatty acids derived from castor oil, as 
shown schematically below. 
Castor oil fatty acids 
0 
t croyll!OAe 
q 
CH3(CH2)5C-CH2CH:CH(CH2)7COOH 
'l· l. CH2N2 
2. CH3MgBr 
(XCII) 
(LXXVIII) 
According to a standard procedure 12-ketooleic acid 
111 (XCII) can be prepared from castor oil fatty acids. 
Esterifi~tion of the acid (XCII) with diazomethane 1 
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followed by addition of the Grignard reagent 1 methylmagnesium 
bromide and hydrolysis of the magnesium complex yielded 
methyl dl-12-methylrieinoleate directly. 
Isolation of azelaic acid (VIII) from the oxidative 
ozonolysis of methyl dl-12-methylricinol~ showed that 
it was indeed LXXVIII. Migration of the double bond might 
have taken place during the formation of 12-ketooleic acid 
(XCII) to form the more stable ((, C> -unsaturated ketone. 
(LXXVIII) 
1. 0 3 
2. Mn04 
-
3. OR /HOH 
4. + H3o 
(VIII) 
Pyrolysis of the tertiary ester (LXXVIII) was accomplished 
by distilaation at atmospheric pressure. 
(LXXIX) (LXXX) 
2-0ctanone and methyl undecylenate were formed. These 
products were anticipated~ in as much as substituents 
attached to the carbon of the hydroxyl group do not enter 
into the proposed mechanism for the pyrolysis of ricin-
oleates. 
137 
138 
B. Discussion of Experimental Results. 
1. Preparations of 12-Ketooleic Acid (XCII). 
Castor Oil Fatty Acids 
Q . 
CH3(cH2)5ccH2CH.CH(CH2)7cooH 
(XCII) 
A method. for the chromic acid oxidation of ricinoleic 
acid to 12-ketooleic acid (XCII) has been developed by 
lll Nichols. The procedure has been found to be equally 
satisfactory if the acid is refined or if it is combined 
with a mixture of other fatty acids contained in castor 
oil. In this work the crude mixture of fatty acids was 
employed in place of purified ricinoleic acid. 
Although no yields could be calcUlated, because the 
exact amount of starting ricinoleic acid was unknown, it 
was observed that as the acid mixture aged, there was a 
decrease in the amount of 12-ketooleic acid obtained per 
gram of crude acid oxidiz~d. This is probably due to the 
instability of ric~noleic acid, which on standing forms both 
inter- and intramolecular esters. 
The oxidation of ricinoleic acid at room temperature, 
to 12-ketooleic acid, carried out using chromic acid dis-
solved in acetic ae~d, required only thirty seconds. After 
the short reaction period the oxidation was quenched by the 
addition of ice and water. A solid precipitated mass, 
which could be removed by filtration, was washed free of 
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soluble salts and dried. One recrystallization of the low 
melting acid from petroleum ether gave pure 12-ketooleic 
acid (m.p. 40-41°; reported~lll m.p. 40-40.5°). 
Ellis112 has found that 12-ketooleic acid is quite 
unstable and readily undergoes autoxidation~ even at 0°. 
If allowed ~o stand at room temperature~ the acid becomes 
semisolid with no distinct melting point and is'reported to 
contain substantial amounts of peroxides~ and oilysubstances~ 
giving reactions similar to those of ~-keto acids. There-
fore# it iaqquite essential to utilize the acid immediately 
after its preparation. 
2. Preparation of Methyl dl-12-Methylricinoleate (LXXVIII) 
(XCII) 
(XCIII) 
(LXXVIII) 
Esterification of 12-ketooleie acid (XCII) was 
accomplished using diazomethane. The resmlting ester (XCIII) 
was converted to the tertiary alcohol (LXXVIII) by addition 
of methylmagnesium bromide· and subsequent hydrolysis. The 
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Grignard complex~ which formed~ was red and resinous~ making 
the reaction mixture somewhat difficult to stir. Addition 
of solvent did not alleviate the situation. The cause of 
formation of the unusual Grignard complex was not ascer-
tained~ although it may be attributed to the use of commer-
cially prepared methylmagnesium bromide~ rather than the 
freshly prepared reagant. Nevertheless~ the product could 
be easily isolated in the usual way and purified both by 
chromatography and distillation. 
In an earlier experiment the order of the reactions 
was reversed. An excess of Grignard reagent was added to 
12-ketooleic acid (XCII) and the dl-methylricinoleic acid 
-
(XCII) 
(XCIV) 
(LXXVIII) 
This method gave methyl dl-l2•methylricinoleate 
(LXXVIII) in a much lower yield than preparation of the 
ester by the procedure described first. The reason for 
this is thought to be that the Grignard complexed with the 
active hydrogen of the free carboxylic acid group at a faster 
141 
rate than with the deto group of 12-ketooleic acid. This 
reaction caused the precipitation of the compound and 
addition of methylmagnesium bromide to the ketone was 
inhibited. 
The latter sequence of reactions originally seemed 
preferable to esterification of 12-ketooleic acid, followed 
by addition of the Grignard, because ester groups undergo 
a slow addition of Grignard reagent yielding the tertiary 
alcohol. In this case ~-2,13-dimethyl-2,13-dihydroxy­
nonadeeene-10 (XCV) would be formed if the reduction of 
the ester group had occurred as well as Grignard condensa-
tion with the carbonyl group. This process is shown 
schematically below. 
0 
.. 
CH3(CH2)5CCH2CH:CH(CH2)7COOCH3 
J 
1. c~3MgBr 
2. H3o 
OH OH 
CH3(cH2 ) 5b(cH3 )cH2CH=CH(CH2 ) 7~(cH3 ) 2 
(XCI~I) 
(XCV) 
A small quantity of this material (XCV) is thought to have 
formed, but was easily separated by chromatography. However, 
the yield (67.5%) of methyl dl-12-methylricinoleate 
(LXXVIII) prepared by esterification and then Grignard addi-
tion to the carbonyl group made this process synthetically 
feasible. 
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3. Ozonolysis of Methyl dl-12-Methylricinoleate (LXXVIII). 
QH 
CH3(CH2)5C(CH3) CH2CH=CH(CH2)7COOCH3 
I. 1. o3 
t 2.· H2o 
, QHC(CH2)7COOCH3 
1. KMn04 
2. OH-/H20 
+ 3. H3o 
HOOC(CH2)7COOH 
(LXXVIII) 
(XCVI) 
(VIII) 
The ozonolys~s of methyl dl-12-methylricinoleate 
(LXXVIII) was accomplished following the standard procedure 
developed by Noordhuyn25 for the ozonolysis of ricinoleic 
acid. The purpose of ozonizing the unsaturated ester 
(LxXviii) was to verify the ppsition of the double bond~ 
assumed to be at C-9. Migration of the ethylenic linkage 
to C-10 might have taken place during the formation of 
12-ketooleic acid (XCII). The product would have contained 
the more stable ti ~ ~ -unsaturated ·ketone system (XCVII). 
0 -
\t CH3(CH2) 5~cH2lH:CH(CH2)ycooH 
CH3(cH2)5ccH:CH(CH2)8coOH 
(XCII) 
(XCVII) 
143 
Isolation of azelaic acid (VIII), by oxidation of the 
ozonolysis mixture and saponification of the ester group, 
showed that the double bond had not migrated and the 
compound was indeed methyl ~-12-methylricinoleate (LXXVIII), 
which contains the same ~ ,~ -unsaturated alcohol group 
found in ricinoleic acid. 
4. Pyrolysis of Methyl dl-12-Methylricinoleate (LXXVIII). 
(LXXVIII) 
(LXXIX) (LXXX) 
Using methyl ricinoleate as a modet compound, condi-
tions were developed for the thermal degradation of methyl 
dl-12-methylricinoleate (LXXVIII). A series of pyrolyses 
were earried out by flash distillation from a hot metal 
surface. The ester was dropped at a rate of about two 
grams per minute onto molten lead, heated to between 420° 
and 470°. The system had been swept out with nitrogen 
prior to the pyrolysis and the products were removed from 
the reaction vessel immediately as they formed. Fractional 
distillation of the mixture, which consisted~r the most 
part of heptaldehyde an~ methyl undecylenate afforded the 
pure products. 
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This method was found to produce erratic results. The 
yields of heptaldehyde varied from 86.7% recovery of the 
aldehyde to none. The production of methyl undecylenate 
was sim~larly unpredictable. These results did not seem 
sufficiently dependable to use this method of pyrolysis for 
methyl dl-12-methylricinoleate (LXXVIII). Therefore~ thermal 
degradation by atmospheric distillation of methyl ricinoleate 
was investigated. The ester was distilled through a 25 em. 
Vigreux column. The bath temperature was maintained at 
about 400° for fifteen minutes. During this time most of 
the compound had undergone pyrolysis and the bath tempera-
ture was raised to 525° for five minutes to remove last 
traces of products~ as well as to pyrolyze any residual 
ester. The products~ separated by fractional distillation 
were obtained in about 40% yield. Although the yields were 
not generally as high as those obtained in some.cases when 
pyrolysis had been accomplished by'flash distillation~ the 
results were more dependable and this method was thought to 
be superior to that originally used. 
Methyl dl-12-methylricinoleate (LXXVIII) was pyrolyzed 
by distillation at atmospheric pressure. 2-0ctanone (LXXIX) 
and methyl undecylenate (LXXX) were obtained in somewhat 
lower-yields (~. 20%) than the products from the thermal 
degradation of methyl ricinoleate. It might be logically 
assumed that dehydration of the tertiary alcohol group of 
methyl ~-12-methylricinoleate (LXXVIII) would occur to a 
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greater extent than dehydration of the secondary alcohol 
or methyl ricinoleate. The relatively large nondistillable 
residues might# therefore 1 be assumed to contamn mainly a 
mixture of dienoie.esters. 
However, since 2-octanone (LXXIX) and methyl undecylenate 
(LXXX) were isolated, it was establi~hed that the tertiary 
hydrogen of C-12 in ricinoleic acid is not involved in the 
pyrolysis reaction of methyl ricinoleate or ricinoleic acid. 
c. Conclusions of the Research. 
The research has demonstrated that pyrolysis of 
methyl dl-12-methylricinoleate yields products (i.e., 
--- .. 
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2-octanone and methyl undecylenate) which are analogous to 
those obtained under the same conditions from methyl 
ricinoleate (i.e., heptaldehyde and methyl undecylenate). 
If assumed that the course for both reactions is the same, 
these results show that the hydrogen atom at C-12 of 
ricinoleic ester is not involved in the production of 
heptaldehyde and undecylenic ester. 
A method for the synt~esis of methyl dl-12-methyl-
rieinoleate was developed, and conditions were established 
for the pyrolysis of the ester, which gave relatively 
consistent results. 
SECTION XI 
EXPERIMENTAL PART 
A. 12-Ketooleic Acid. 
0 
Castor Oil Fatty Acids 
,. -
CH3(cH2)5ccH2CHmCH(CH2)7cooH 
(XCII) 
lll Following the exact procedure described by Nichols, . 
100 g. of a mixture o~ crude castor oil fatty acids (re-
ceiYed from Baker Castor Oil Co.) was dissolved in one liter 
of glacial acetic acid in a 6-liter beaker. With continuous 
stirring, a solution of 65 g. of sodium-dichromate 
dihydrate, 80 ml. of water and 35 ml. of concentrated· 
sulfuric acid dissolved in 6oo ml. of glacial acetic acid 
was added to the fatty acid solution. The temperature of 
the reaction mixture rose to 51° and the color became dark 
green. After thirty seconds the reaction was terminated by 
the addition of two liters of an ice-water mixture. The 
waxy 12-ketooleic acid was removed by filtration and washed 
free of soluble salts. The crude acid was taken up in one 
liter of petroleum ether (Mallinekrodt Analytical Reagent), 
the somewhat green solvent layer separated and filtered 
through a mat of anhydrous sodium sulfate. The filtrate 
was allowed to stand at room temperature for one hour. 
Traces of precipitated material were removed by filtration. 
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The resulting filtrate was cooled to -20° using a dry 
ice-kerosene bath. The white precipitate was removed by 
filtration and air dried. Fifty-four grams of 12-ketooleic 
acid, m.p. 39-40°, was obtained. After ~recrystallization 
from petroleum ether, 51 g. of white 12-ketooleic acid was 
recovered., m.p. 40-41° (reported111 m.p. 4o~4o.s0). 
Table VII summarizes all of the preparations of 
12-ketooleic acid, following the procedure described above .• 
TABLE VII 
PREPARATIONS OF 12-KETOOLEIC ACID 
GRAMS OF GRAMS OF 
CASTOR OIL 12-KETOOLEIC MELTING 
FATTY ACIDS ACID POINT 
100 51-5 4o.o-4o.s0 
100 54.0 39.5-40.0° 
100 51.0 4o.o-4o.s0 
100 38.0 4o.o-4o.s0 
100 34.2 40.0-41.0° 
B. Methyl ~-12-methylricinoleate. 
0 
" -CH3(CH2)5CCH2CH=CH(CH2)7COOH 
o t cy2 
CH3 (cH2 ) 5~cH2CH=CH(CH2 ) 7COOCH 
1. 
2. 
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(XCII) 
(XCII) 
(EXXVIII) 
To 21.0 g.' (0.071 mole) of fresh 12-ketooleic acid 
(see page 147) dissolved in 30 ml. of ether and an·_e:x;cees of 
a distilled ethereal solution of diazomethane (prepared 
from 0.20 mole of N-methyl-N-nitrosourea according to the 
procedure described in Organic Syntheses) was added slowly 
at ice temperature. The yellow ether solution was swirled 
gently and allowed to stand at room temperature overnight. 
At the end of that time the ether, containing some residual 
diazomethane, was removed by distillation on a steam bath 
at atmospheric pressure. Last traces of ether were removed 
under reduced pressure. 
The crude brown oil was transferred to a 200-ml., three-
-necked, round-bottomed flask with the aid of 75 ml. of dry 
ether (Baker's Analyzed, dried over fresh sodium wire). The 
flask was equipped with a mechanical stirrer, a pressure 
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equalizing dropping funnel and a condenser, and was thoroughly 
flushed with nitrogen. The syst~m remained under an atmos-
phere of nitrogen during the eourse of the preparations. 
The solution of methyl 12-ketooleate was eooled using an 
iee-salt bath. 
To the cold reaction mixture 25.5 ml. of a prepared 
solution of 4 M methylmagnesium bromide in ether (Arapahoe 
Speeial Products, Ina • .) was added dropwise over a period of 
one hour with sontinuous stirring. The Grignard solution 
contained 0.102 mole of methylmagnesium bromide. During 
the addition a deep red resinous precipitate formed. The 
heterogeneous mixture was allowed to warm to room tempera-
ture and stir for fifteen hours. 
The red Grignard complex was again eooled to ice tem-
perature and decomposed by the dropwise addition of 20 ml. 
of glaeial aeetic aeid in 100 ml. of eold water with vig-
orous stirring. The reaction mixture became yellow. The 
ebher layer was separated and the aqueous layer was 
extracted four times with 25-ml. portions of ether. The 
yellow ethereal solution was washed with water until the 
.washings were neutral to litmus, and dried over anhydrous 
sodium sulfate. The drying agent was removed by filtration 
and the ether by distillation under reduced pressures on a 
steam bath. 
One gram of the crude yellow oil dissolved in 10 ml. 
of petroleum ether was chromatographed over a column (i.d. 
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17 mm.) of 25 g. of activated alumina (Merck, Acid Washed). 
The eluate was collected in 25-ml. fractions. The column 
was eluted with 50-ml. portions of petroleum ether-benzene 
mixtures of the following ratios: (4:1), (3:2) and (1:4). 
The solvent was evaporated on a steam bath with the aid of 
a jet of dry nitrogen at the surface. No material was con-
tained in any of those fractions. Slightly yellow methyl 
~-12-methylricinolea te ( 713 • 0 mg. 1 2 .19 mmoles) was ·obtained 
by eluting the column with 200 ml. of benzene. Eluting the 
column with 100-ml. portions of a mixture of chloroform-
-methanol (1:1) yielded 165.4 mg. of deep yellow material, 
~5 1.4866, which in the infrared, exhibited strong hydroxyl 
absorption at 3497 cm.-1 and weak carbonyl absorption at 
-1 1742 em. due to the presence of a trace of ester. This 
material, thought to be dl-2,13-dimethyl-2,13-dihydroxynona-
decyne-10 formed by addition of the Grignard reagent to the 
· ester group, as well as addition to the ketone, was not 
further investigated •. 
The faintly yellow methyl dl-12-methylricinoleate 
(713.0 mg., 2.19 mmoles) obtained from the chromatrography 
just described, was distilled under reduced pressure from 
a. one piece, semi-micro distilling apparatus, which consisted 
of a 2-ml. distilling flask, a straight distilling head and 
a side-arm receiver. Pure methyl dl-12-methylricinoleate 
(561.3 mg., 77.3%), b.p. 137-140° (0.02 mm.), ~5 1.4670, 
-1 
exhibited strong hydroxyl absorption at 3460 em • and 
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strong carbonyl absorption at 1745 cm-1. due to the ester 
group. 
Found: H 11.5 
A large quantity (53.5 g.~ 67.5%) of crude methyl dl-
. ·-
-12-methylricinoleate was prepared exactly as described 
above from 72.0 g. (0.243 mole) of 12-ketooleic acid# and 
was punified by chromatography over a column (i.d. 40 mm.) 
of 500 g.· of activated alumina (Merck~ Acid Washed)~ 
exactly as described above. Faintly yellow methyl dl-12-methyl-
25 
ricinoleate (44.6 g., 56.6%), nn 1.4674~ was used without 
further purification. 
In an earlier preparation of methyl dl-12-methyl-
ricinoleate the order of the procedure was reversed. 
12-Ketooleic acid (10.0 g.~ 0.034 mole) was dissolved in 
42 ml. of ether (Baker's Analyzed, dried over fresh sodium 
wire) in a 300-ml. round-bottomed~ three-necked flask equip-
ped with a mechanical stirrer~ a reflux condenser and a 
pressure equalizing dropping funnel, and cooled to ice 
temperature. Under an atmosphere of dry nitrogen, 25.5 ml • 
. o£ a prepared 4 M ether solution of methylmagnesium bromide 
(Arapahoe Special Products~ Inc.) was added dropwise over a 
period of one hour. The Grignard solution contained 0.102 
mole of methylmagnesium bromide. During the addition, a 
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white voluminous precipitate formed. After the introduc-
tion of the Grignard reagent was completed$ the reaction 
mixture was cooled.to room temperature and poured over 100 
g. of ice containing 10 ml. of glacial acetic acid. The 
ether layer was separated and the. aqueous phase was extracted 
three times with 50-ml. portions of ether. The ether ex-
tracts were combined, washed with water until the washings 
were neutral to litmus, and dried over anhydrous sodium 
sulfate. The drying agent was removed by filtration and 
the ether by distillation under reduced pressure on a steam 
bath until only about 30 ml. of ether remained. To the 
ethereal solution of the £h-12-methylricinoleic acid, which 
had been cooled to ice-bath temperature, a moderate excess 
of an ether solution of diazomethane was added. The yellow 
mixture was allowed to stand in the refrigerator overnight. 
The ether and any residual diazomethane were removed by 
distillation under reduced pressure. The crude yellow 
ester (4.52 g., ·42.0%) was immediately distiJ,led through a 
Claisen head. Only one fraction distilled·, p .p. 139-1449 
(~.1 mm.), n~5 1.4667. The pure methyl dl-12-methylricin-
oleate weighed 2.15 g. (19.5%). 
c. Ozonolysis of Methyl ~-12-Methylricinoleat~. 
1. 03. 
·2. · H20 
(}HC{.CH2)7COOCH3 
1. KMn04 
2. OH-jH2o 
3. H;o 
HOOC(CH2 )7COOH 
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(LXXVII) 
(XCVI) 
(VIII) 
The ozonolysis of methyl dl-12-methylricirioleate was 
- I 
carried out following the procedure described ~Y 
~j5 • 
NoordhPWn for the ozonolysis of ricinoleic ac~d. A solu-
.. : 
tion of 10 g. (0.306 mole) of methyl ~-12-met~ylricinolea~e 
i 
dissolved in 70 ml. of chloroform (Baker's Analyzed) was 
• I 
cooled using a dry ice-kerosene bath. Ozonized oxygen 
I 
(0 .. 719 meq. of ozone per minute) bubbled throu$h the cold 
chloroform solution for one hour and fifty min~tes (required 
time: one hour and thirty-five minutes). i At tbat time the 
! 
chloroform solution became faintly blue and fr~e iodine was 
liberated from an acidic solution of potassium: iodide, which 
' 
i 
was connected in series with, and following, tpe ozonolysis 
i 
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mixture. 
The ahloroform was distilled from the reaation mixture 
under reduaed pressure at room temperature~ until a visaous 
liquid remained. No attempt was made to remove all of the 
ahloroform. Th~ ozonide was transferred into a one-liter 
round-bottomed flask and refluxed with 300 ml. of distilled 
water for two hours. A Glas-Col heating mantle was used. 
To the reaation mixture~ after it was aooled to room 
temperature~ 150 ml. of a 5% potassium permanganate solution 
and 25 ml. of a 10% sodium hydroxide solution were added. 
The mixture was again heated to reflux temperatures and a 
heavy brown preaipitate of manganese dioxide formed. The 
oxidation mixture was aooled to ice temperatures and care-
fully acidified with excess (200 ml~) of 5% sulfuric acid. 
Then a 5% solution of sodium bisulfite was added until the 
permanganate and manganese dioxide had all been converted 
to manganous sulfate. The resultant colorless~ but some-
what cloudy~ solution was extracted six times with 50-ml. 
portions of ether. The combined ethereal solutions were 
extracted twice with 10-ml. portions of 10% sodium hydroxide. 
The faintly yellow basic extracts were washed twice with 
20-ml. portions of ether and then eooled to ice temperatures. 
Concentrated hydrochloric acid was added dropwise· to the 
eold basic solution to a pH of 1, as indicated by Hydrion 
paper. The white precipitate whieh had formed was filtered 
and washed with ice-water until the washings were no longer 
acid to litmus paper, and air dried. The crude acid, 
m.p. 94-97°, weighed 3.65 g. (65.5%). Recrystallization of 
the acid from hot water yielded 3.26 g. of azelaic acid, 
m.p. 105-106° reported: 113 106°. Admixture with an authentic 
sample of azelaic acid (m.p. 104.5-106°) did not depress the 
above melting point (m.m.p. 105-106°). However, admixture 
of the above acid with pimelic acid (m.p. 104~105°) qid lowerr 
the melting point (m.m.p. 85-95°) of the obtained azelaic 
acid. The neutralization equivalent of the acid, determined 
by titration with standard sodium hydroxide was 95.0. The 
neutralization equiFalent calculated for azelaic acid is 
94.1. 
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D. Pyrolysis of Methyl d-Ricinoleate. 
(XCVIII) 
(V) (LXXX) 
The pyrolysis of methyl-£-ricinoleate was performed by 
a flash distillation of the compound from a hot lead alloy100 
and also by a conventional distillation of the ester at 
atmospheric pressures. The latter method was found to give 
more consistent results. 
l. Pyrolysis by Flash Distillation. 
Following the method described by Bolley~ 100 10.00 g. 
(0.032 mole) of methyl ricinoleate was dropped at a moder-
ately fast rate (2.00 g. per minutes) onto a molten lead 
114 . 0 . 
alloy (m.p. 96,; composition: lead~ 32%; tin~ 15.5%; 
bismuth, 52.5%) contained in 100-ml., three-necked, round-
-bottomed flask. The reaction flask was equipped with an 
all-metal Weston thermometer, a pressure equalizing 
dropping funnel and a 20 em. Vigreux column. The system 
was swept with nitrogen prior to the pyrolysis. The tempera-
ture of the lead bath~ which was heated by a Meeker burner, 
was maintained between 420° and 470°. The pyrolysis products 
were removed by distillation as they were formed and 
collected in two adjacent receivers which had been cooled 
in dry ice-acetone baths. The distillation temperature$ 
t 7 ° d 320°. for the most part, was maintained be ween 2 0 an 
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The distillate (9.02 g.) Was transferred to a 25-ml. 
pear-shaped flask equipped with a 5 om. Vigreux column and 
redistilled under r~duced pressures. The following fractions 
were collected. 
1. B.p. 58-59° (40 mm.) at bath temperatures 135-146 ~ 
1'.10 g., slightly yellow, ~5 1.4152. 
2. B.p. 100-105° (8 mm.) at bath temperatures 170-190°, 
2.22 g., slightly yello~, ~5 1.4408. 
Fraction 1 gave a voluminous yellow precipitate when 
treated with 2,4-dinitrophenylhydrazine reagent and was 
accepted as n-heptaldehyde (b.p. 155.0-155.5°, ~5 1.4088480~. 
Fraction 2 was taken to be methyl undecylenate 
b.p. 124° (10 mm.),115 ~5 1.43727116 without further 
investigation. The yields of n-heptaldehyde and methyl un-
decylenate were 30.1% and 35.0% pespectively. 
.. 25 
A large, yellow-brown residue (5.29 g., nn 1.4609) re-
mained which had an infrared absorption spectrum superposable 
with that of the starting material, methyl d-ricinoleate 
nn5 1.4602. 
The results of a series of pyrolysis experiments varied 
considerably as shown in Table VIII. 
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TABLE VIII 
PYROLYSIS OF METHYL d-RICINOLEATE BY FLASH DISTILLATION 
Moles of Heptaldehyde 
t£5 
Methyl Undecylenate 25 Methyl d- Boiling Boiling lli) 
ricinoleate Yield Point Yield Point 
0.016 86.7% 58-60° 1.4143 64.7% 120-125° 1.4452 (47 mm.) (17 mm.) 
0.016 13.1% 100-110° 1.4348 
0.032 9.05% 54-59° 1.4138 21.5% 
.(10 mm.6 
1.4341 94-105 ( 40 nun.) (10 mm.) 
0.032 13.7% 57-59° 1.4148 22.0% 107-112° 1.4463 (50 mm.) (10 mm.) 
0.032 25.5% 65-69° 1.4127 50.5% 123-129° 1.4450 (58 mm.) (32 mm.) 
0.032 33.2% 64-67° 1.4154 33.1% 115-123° 1.4431 
(38 mm.) (12 mm.) 
0.032 31.6% 150-155° 1.4198 24.9% 148-150° 1.4398 (ca.760 ( 40 mm.) 
mm.) 
0.032 30~1% 58-59° 1.4152 35.0% 100-105° 1.4408 ( 40 nun.) (8 mm. 
2. Pyrolysis by Distilla~ion at Atmospheric Pressure. 
Following the general procedure described by Perkins 
and Cruz,117 for the pyrolysis of castor oil, 10.00 g. 
(0.032 mole) of methyl £-ricinoleate was distilled from a 
25-ml. round-bottomed flask equipped with a 25 em. Vigreux 
column, at atmospheric pressure. The distilling flask was 
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immersed in a metal bath which had been heated to 400°~ 
using a Meeker burner. After fifteen minutes the distilla-
tion appeared to become slower and the bath temperature was 
0 . 
raised to 525 for five minutes. The temperature at which 
the pyrolysis products distilled fluctuated between 280Q and 
325°. The products were collected in a receiver~ which was 
cooled to dry ice temperature. 
The pyrolysis mixture was transferred to a 10-ml. 
distilling unit equipped with a 5 em. Vigreux column and 
distilled, first at atmospheric pressure and finally at 
reduced pressure. The following fractions were collected: 
1. B.p. 64-101° (ca. 760 mm.) at bath temperatures 
160-182°~ colorless 1 pungent odor~ 0.30 g. 1 
2. 
3. 
nH5 1.3675. 
. . 0 B.p. 148-153 (ca. 760 mm.) at bath temperatures 
233-242°~ 1.13 g. 1 colorless1 ~5 1.4115. 
B.p. 138-1~2° (~3 mm.) at bath temperatures 
210-220°1 2.53 g. 1 faintly yellow, ~5 1.4356. 
Fraction ~ was not identified 1 but is thought to con-
tain extraneous decompositio~ products from the pyrolysis 
of methyl d-ricinoleate. Fraction 2 gave a voluminous 
yellow precipitate when treated with 2,4-dinitrophenylhydra-
zine reagent, and was taken to be ~-heptaldehyde 
(b.p. 155.0-155.5°, n25 1.4088480). Fraction 3 was 
D 
accepted as methyl undecylenate b.p. 124° (10 mm.)~ll5 
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n~5 1.43727.116 The yields of ~-heptaldehyde and methyl 
undecylenate are 31.0% and 39.6% respectively. 
A residue (2.54 g.~ n~5 1.4625) had an infrared absorp-
tion spectrum superposable with the starting material~ methyl 
d-ricinoleate. 
Table IX summarizes all of the pyrolyses of methyl 
d-ricinoleate by distillation at atmospheric pressure. 
TABLE IX 
PYROLYSIS OF METHYL a-RICINOLEATE BY DISTILLATION AT ATMOS-
PHERIC PRESSURE 
Heptaldehyde ~ethyl Undecylenate 
Moles of 
Methyl d- ;Boiling 
n§5 Boiling ~5 · ricinoleate Yield Point Yield Point 
0.032 13.1% 51-53° 114-121° 1.4372 (25 mm .. ) 1.4125 21.8% (16 mm.) 
0.032 411:~% 148-153° 1.4132 41.0% 126-130° 1.4389 (ca. 760 (30 mm.) 
mm.) 
0.032 48.8% 140-150° -1.4118 49.0% 137-140° 1.4364 (ca. 760 (25 mm.) 
mm.) 
0.032 47.0% 152-156° 1.4132 44.3% 123-1270 1.4372 (ca. 760 ( 20 nun.) 
mm.) 
0.032 31.0% 148-153° 1.4115 39.6% 138-142° 1.4356 (ca. 760 (33 mm.) 
mm.) 
' 
E. Pyrolysis of Methyl ~-12-Methylricinoleate by 
Distillation at Atmospheric Pressure. 
OR 
CH3(CH2)5C{CH3)CH2CHeCH(CH2)7COOCH3 
·. 0 J 
II 
CH3(CH2)5CCH3 ~ 
(LXXIX) 
CH2=CH(CH2)8coocH3 
(LXXX) 
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(LXXVIII) 
Methyl dl-12-methylricinoleate was pyrolyzed by distil-
- . 
lation at atmospheric pressure rather than by flash distil-
lation from a metal bath. Atmospheric distillation was 
found to give more consistent results. 
Using the same procedure described above for the p~ol­
ysis of methyl d-ricinoleate, 10.00 g. (0.0307 mole) of 
methyl £!-12-methylricinoleate was distilled from a 25-ml. 
round-bottomed flask equipped with a 25 em. Vigreux column, 
at atmospher~c pressure. The distilling flask was immersed 
in a .metal bath which had been heated to 400° using a 
Meeker burner.· 
After ten minutes the distillation became somewhat slower 
and t~e bath temperature was raised to 525° for five minutes. 
The temperature at which the pyrolysis products distilled 
fluctuated between 270° and 330°. The products were 
collected in a receiver which was cooled to dry ice tempera-
ture. 
The pyrolysis mixture was transferred to a 10-ml. 
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distilling unit equipped with a 5 em. Vigreux column and 
distilled~ first at atmospheric pressure and then at reduced 
pressures. The following fractions were collected: 
1. B.p. 64-75° (ca. 760 mm.) at bath temperatures 
144-190°~ 0.61 g.~ colorless, pungent odor, 
n~5 1.3767. 
2. B.p. 97-101° (54 mm.) at bath temperatures 165-181°, 
1.30 g., faintly yellow, ~5 1.4192. 
3. B.p. 137-140° (25 mm.) at bath temperatures 
0 25 210~230 , 1.82 g., faintly yellow, nD 1.4392. 
Fraction 1 was not identif~ed, but was thought to con-
tain extraneous decomposition products from the pyrolysis 
of::.·methyl dl-12-methylricinoleate. Fraction 2 was taken .to 
be 2-octanone (reported b.p. 172.92°;18 n~0 1.41613119) 
and was identified through the formation of the semicarba-
120 
zone. . _A sample (500 mg., 3.92 mmoles) of 2-oeta,none 
obtained as a pyrolysis product was dissolved in 10 ml. of 
absolute ethanol. Water was added until the solution be-
came faintly turbid, and the turbidity was removed by the 
addition of four drops of ethanol. To this solution 1 g. 
(0.009 mole) of semicarbazide hydrochloride and 1.5 g. of 
sodium acetate were added. The mixture was vigorously 
shaken and placed in a beaker of boiling water. The turbid 
mixture became a homogeneous solution, which was allowed to 
cool to room temperature. Further cooling in an ice-salt 
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bath produced white needles. The precipitate (m.p. 114-1170; 
0.61 g.~ 42.1%) was recrystallized f'rom distilled water 
yielding the pure semicarbazone of 2-octanone (m.p. 121-122°; 
reportedl21 m.p. 122° ). A mixture of this substance with 
a sample of the same semicarbazone (m.p. 121.5-122°) 
prepared from commercial 2-octanone (Eastman) melted at 
0 121-122 , verifying the identity of the pyrolysis product. 
Two further recrystallizations of the semicarbazone gave an 
analytically pure specimen. 
Analysis of c9H19oN3 Calculated: C 58.34, H 10.34, N 22.68 
Found: C 58.6~ H 10.5, N 22.5 
Fraction 3 was accepted as methyl undecylenate 
[:eported b .p. 124° ( 10 mm.)., 115 ~5 1.43727116]. A sample 
(772.1 mg., 3.90 mmoles) was dissolved in 10 ml. of petroleum 
0 .. 
ether ~b .. p. 30-60 ) and chromatographed on a column (i.d. 17 
mm.) containing 15 g. of alumina (Merck, Acid Washed). The 
eluate was collected in 20-ml. fractions. The column was 
eluted with 120 ml. of' petroleum ether. Pure, colorless 
methyl undecylenate (323.1 mg.~ 41.7%, ~S 1.4372) was 
recovered by evaporation of the solvent on a steam bath with 
the aid of a jet of dry nitrogen. 
Analysis of c12H22o2 Calculated: c 72.68, H 11.18 
Found: c 72.5, H 11.2 
The yields of accepted 2-octanone and methyl 
undecylenate are 33.1% and 29.9% respectively. 
25 A brown non-distillable residue (3.15 g., nn 1.4530) 
was not further investigated. 
The results of other pyrol:ysis experiments are shown 
in Table X. 
TABLE X 
PYROLYSES OF METHYL dl-12-METHYLRICINOLEATE 
Molas~ofi.' 2-0ctanone Methyl Undecylenate 
Methyl dl- ~5 ~5 
-12-metE.Yl- Boiling Boiling 
ricinoleate Yield Point Yield Point 
0.0307 31.8% 156-162° 1.4115 7-2% 115-119° 1.4390 
(ca. 760 
mm.). 
(lo·mm.) 
0.0307 20.4% 71-73° 1.4135 20.9% 100-106° 1.4398 ( 48 mm.) (10 mm.) 
0.0307 33.1% 97-101° 1.4192 29.9% 137-140° 1.4392 (54 mm.) (25 mm.) 
FIGURE 1 
~-11-Hydroxytetradecyne-8 
A. Prepared by the Condensation of 
1-Hexyne with 1 1 2-Epoxyoctane (Carbon tetrachloride solution) 
B. Prepared by the Condensation of 
Heptanal with 1-Bromoheptyne-2 
(Carbon tetraehlor~de solution} 
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ABSTRACT 
Part I 
Ricinoleic acid, in the form of its trigly~eride, is the 
major component of castor oil. · From<~.a study of the degrada-
tion products, in 1894, Goldsobel concluded that the above 
compound was 12-hydroxyoctadec:..g-enoic acid (I). 
(:t) 
This structure was accepted with some reservations, 
because it does not easily accommodate all of the observed 
chemistry of ricinoleic acid. A rational synthesis of I 
was undertaken and successfully completed. The synthetic 
acid was shown to be dl-ricinoleic acid, thus proving 
unambiguously that the above formulation is correct. 
Two alternate preparations were reported during the 
course of this synthesis, which also verify structure I; 
however sixty years elapsed before dl-ricinoleic acid was 
prepared by total synthesis. The reason for this was the 
difficulty in constructing a ~-hydroxy olefin system in 
the eighteen carbon chain. In recent years advances in 
acetylenic chemistry have made alkyne intermediates 
invaluable in the elaboration of long chain unsaturated 
compounds. In the present synthesis a 1-alkyne was 
condensed with a suitable epoxide, establishing a 
~ -hydroxy acetylenie system. Partial reduction of the 
2. 
ethynyl linkage afforded the corresponding (.3 -hydroxy olerin. 
The 1-alkyne employed in this preparation was 
9-chlorononyne-1 and was prepared from pimelic acid according 
to the rollowing outline. Pimelic acid was reduced to 
1,7-dihydroxyheptane using lithium aluminum hydride. Treat-
ment or the diol with excess thionyl chloride yielded 
1 7 7-dichloroheptane. 1-Chloro-7-iodoheptane was prepared 
by rerluxing an equimolar amount of sodium iodide with 
1,7-dichloroheptane in acetone. Treatment of 1-chloro-7-
-iodoheptane with sodium acetylide in liquid ammonia. 
yielded 9-chlorononyne-1. 
1,2-Epoxyoctane was prepared by epoxidation of 
1-octene using either perbenzoic acid or trifluoroper-
acetic acid, as the oxidiz±ngc agent. Condensation of 
1,2-epoxyoctane with the lithium derivative of 9-chloro-
nonyne-1 yielded dl-1-chloro-11-hydroxyheptadecyne-8. 
Exchange of the chlorine for iodine and treatment with 
potassium cyanide afforded dl-1-cyano-11-hydoxyheptadec-
yne-8, Which was hydrolyzed to dl-ricinstearolic acid 
(12~hydroxyoctadec-9-ynoic acid). Semi-reduction of the 
triple bond using a palladium catalyst, which had been 
intentionally poisoned by lead acetate and quinoline, gave 
dl-ricinoleic acid. Purification or the final product by 
chromatography over decolorizing charcoal supported on 
diatomaceous earth yielded and acid, which exhibited the 
same properties as natural £-ricinoleic acid. 
3 
Part IX 
For ninety wears it has been known that pyrolysis of 
ricinoleic acid yields heptaldehyde a~d 10-undecylenic acid. 
CH3(cH2) 5cH(OH)C+2CH::CH(CH2)fOOH 
CH3(cH2)5CHO + CH2:CH(CH2)8cooH 
The mechanism, however, has remained obscure. The 
purpose of the present work is to initiate a study of the 
reaction path. 
One mode of attack is to investigate the pyrolysis 
products of a series of compounds, which are structurally 
related to ricinoleic acid. In the present work, one such 
compound was prepared and pyrolyzed. 
Methyl dl-12-methylricinoleate was prepared from 
12-ketooleic acid. The acid was esterified using 
diazomethane. The methyl 12-ketooleate on treatment with 
methylmagnesium bromide yiel~ed the desired product, 
methy~ dl-12-methyl~icinoleate. 
Pyrolysis of the tertiary alcohol derivative of 
methyl ricinoleate yielded methyl undecylenate and 
2-octanone; showing that the tertiary hydrogen joined to 
the carbon atom containing the alcoholic function (C-9), is 
not involved in the pyrolysis process. This was evident 
because degradation was accomplished when this hydrogen 
' 
was replaced by a methyl group. 
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